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ABSTRACT 


This study of the skeletal remains of three spe¬ 
cies of the extinct kangaroo Sthenurus (Sthenuri- 
nae: Macropodidae) from Lake Callabonna, 
northern South Australia, details the comparative 
osteology of these taxa and their functional, ana¬ 
tomical, and phylogenetic implications. Geologi¬ 
cal study of the locality assigns these fossils to the 
base of the Quaternary sequence in laminated clay 
and fine sands that are part of a unit correlated 
with the Millyera Formation of the Lake Frome 
area immediately south of Lake Callabonna. These 
deposits accumulated in a lake of variable salinity, 
several times the size of the present Callabonna 
playa. The plant remains associated with the Cal¬ 
labonna Fauna suggest a more arborescent flora 
than that near the present-day salina but one con¬ 
taining taxa that still exist in the surrounding re¬ 
gion. These facts indicate a seasonal climate with 
fluctuating water table but a regionally more ef¬ 
fective rainfall than at present. Direct C 14 dating 
of wood from the Sthenurus- bearing deposits es¬ 
tablishes an age beyond the limit of the radiocar¬ 
bon method and regional geological correlations 
suggest a medial Pleistocene age within the span 
0.2-0.7 Ma as most likely for the sthenurine kan¬ 
garoos and associated large marsupials and ratite 
birds that constitute the Callabonna Fauna. 

Like the other large-bodied vertebrates at Lake 
Callabonna, the Sthenurus species were mired in 
the clays while attempting to cross the floor of the 
lake during low-water or dry times. This mode of 
accumulation has yielded an unprecedented op¬ 
portunity for comparative study of the remains of 
individual animals. Three closely allied sthenurine 
species coexisted at Lake Callabonna: a new giant 
taxon, Sthenurus stirlingi, a somewhat smaller S. 
tindalei, and the considerably smaller S. ander- 
soni. Strong sexual dimorphism is shown by the 
larger taxa, resulting in size overlap between in¬ 
dividuals, but morphological criteria identify the 
sexes and taxa involved. Comparative osteology 


of these Sthenurus species with Macropus gigan - 
teus emphasizes how different they are from the 
living gray kangaroo, especially in their short, deep 
skulls, long front feet with very reduced lateral 
digits, and the virtually monodactyl hind feet. 
These distinctions, and many others, limit func¬ 
tional analysis for lack of a closely comparable 
living model. We have nevertheless tried to gather 
the evidence into a coherent picture of Sthenurus 
as a living animal. The cheek teeth of these Sthen¬ 
urus species fit the browsing grade of Sanson’s 
(1978) model. The slender forelimbs are better 
fitted for feeding than locomotor function. These 
limbs could be raised above the head, and the 
hands, with their long phalanges and claws, could 
have grasped high vegetation. The vertebral col¬ 
umn is more rigid than in living kangaroos and 
flexion is limited, but considerable extension of 
the anterior part of the body could have been re¬ 
tained as an important function in reaching for 
high browse. The pelvis is modified for flexion and 
adduction of the thigh, which would support a 
bulky animal while standing or elevating the body. 
The hind limb is more massive than in Macropus, 
but the elements are of similar proportion and 
there appears to be greater emphasis on the elastic 
properties of the tendons and ligaments to aug¬ 
ment muscular action across joints, especially the 
knee and plantar parts of the pes. We conclude 
that species of Sthenurus, like other sthenurines, 
were bulky, browsing kangaroos that sacrificed 
quadrupedal or pentapedal movement for greater 
dependence on bipedal saltation and extension of 
the body and forelimbs for higher browsing. This 
diverse subfamily was a prominent element in 
Pleistocene faunas in Australia. Several taxa of 
comparable size were often found together which 
suggests partitioning of the browsing feeding 
mode—a broad niche that seems to contain few 
adherents among living large kangaroos. 


INTRODUCTION 


The “veritable necropolis of gigantic ex¬ 
tinct marsupials and birds” (Stirling, 1894: 
185) discovered in 1893 at Lake Callabonna, 
South Australia, represents a unique accu¬ 
mulation in Pleistocene lacustrine deposits 
(figs. 1, 2). The articulated skeletons of 
thousands of individual animals are scattered 
over much of the 50 km 2 of the present-day 
saltpan. The history of the discovery and ex¬ 
ploration of this area is contained in the nar¬ 


ratives of the five expeditions to Lake Cal¬ 
labonna over the past 100 years (Stirling, 1894 
[reprinted with modification, 1900]; Brown, 
1894; Fletcher, 1948; Stirton, 1954; Tedford, 
1973; Rich, 1984). Only two of these parties 
made extensive collections: the original South 
Australian Museum work extending over 11 
months in 1893, and nearly 80 years later in 
1970, a joint Smithsonian Institution, Amer¬ 
ican Museum of Natural History, and South 
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Australian Museum expedition (acronym: 
SIAM) spent 3 months working in the area. 
Although all parties secured remains of Di- 
protodon, the most common marsupial en¬ 
tombed, only the more protracted work col¬ 
lected other forms in any quantity. The results 
of the 1893 expedition enabled Stirling, with 
A. H. C. Zietz’s assistance, to prepare de¬ 
scriptions of the previously unknown manus 
and pes of Diprotodon (1899), and to describe 
for the first time the dromomithid bird Gen- 
yornis newtoni (1900, 1905; Stirling, 1913a) 
and the skeleton of the giant wombat, Phas- 
colonus gigas (Stirling, 1913b). The only oth¬ 
er elements of the vertebrate fauna obtained 
in 1893 were remains of kangaroos that Stir¬ 
ling had hoped to delineate in a monograph 
following the publication on Phascolonus. He 
remarked that (of the kangaroos) “we have 
one small but very complete skeleton, and a 
large series of separate bones of several larger 
kinds, including a fairly complete skull, which 
has a length of 33.5 cm” (1894: 209). H. Y. 
L. Brown (1894:7), upon seeing the foot bones 
of a kangaroo in the field at Lake Callabonna 
in June 1893, reported that “when placed in 
position [they] make the length of the foot 14 
in.” The skull and foot mentioned in these 
remarks are among the materials described 
in this paper as the remains of the largest 
species of Sthenurus yet discovered. We take 
great pleasure in naming this new species for 
Sir E. C. Stirling. In addition to Sthenurus, 
the 1893 collections contain the limbs of a 
large Macropus, probably M. titan. 

Examination of the published narrative and 
records at the South Australian Museum, 
matching 1893 field photos to present terrain, 
and discovery of the 1893 campsite have as¬ 
sured confident identification of the site in¬ 
dicated in figures 2 and 4 as the campsite and 
the area nearby where the party, lead by A. 
H. C. Zietz in late 1893, obtained most of 
the material. The photos also identify SIAM 
sites 1 and 3 (figs. 2, 3, 5) and the terrain 
between as the area excavated by the party 
led by George Hurst earlier in 1893 for the 
South Australian Museum. Exploratory work 
by the University of California-South Aus¬ 
tralian Museum party in 1953 was conducted 
near the campsite and at site 1. Only Dipro¬ 
todon was secured by that group. 

The Smithsonian Insfitution-American 


Museum-South Australian Museum party 
worked SIAM sites 1 and 3, obtaining mostly 
articulated Diprotodon material and, explor¬ 
ing more widely on the lake floor, finally set¬ 
tled on SIAM site 4 to conduct its principal 
work. This site, about 5 km north of site 3, 
yielded a varied fauna from moist claystone 
above the groundwater level. It may be the 
site noted by H. Y. L. Brown (1894: 8) as “3 
miles northwest of the locality first found” 
by the 1893 party. Nearly all the macropodid 
remains collected in 1970 were obtained at 
this site, including all of the Sthenurus ma¬ 
terial described in this paper. In addition to 
the two Sthenurus species, four partial skel¬ 
etons of Protemnodon were obtained at site 
4, a genus not represented in the 1893 col¬ 
lections. Curiously, no remains of the large 
Macropus encountered in 1893 were ob¬ 
tained by the SIAM group, but a partial skel¬ 
eton and some isolated remains were found 
of an animal the size of the living M. gigan- 
teus, but still not identified. Diprotodon, rep¬ 
resented by two size morphs (as mentioned 
by Stirling and Zietz, 1899: 3) and Phasco¬ 
lonus, were also found at site 4. Emus, similar 
in size to the living Dormaius novaehollan- 
diae, were also found by the 1970 party in 
addition to, and often closely associated with, 
skeletons of Genyornis newtoni. Such differ¬ 
ences in faunal composition are most likely 
due to chance, as the various sites from which 
collections have been obtained all seem to be 
located below the widespread selenite bed 
within the Millyera Formation (see discus¬ 
sion below). Therefore, we list Lake Calla¬ 
bonna Fauna as a composite of vertebrate 
species currently identified from these levels: 

Class Aves 

Order Casuariiformes 
Family Casuariidae 
Dromaius novaehollandiae 
Family Dromomithidae 
Genyornis newtoni 
Class Mammalia 
Infraclass Marsupialia 
Order Diprotodonta 
Family Diprotodontidae 
Diprotodon australis 
Diprotodon cf. minor 
Family Vombatidae 
Phascolonus gigas 
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Family Macropodidae 
Macropus cf. titan 
Macropus sp. 

Protemnodon cf. brehus 
Sthenurus andersoni 
Sthenurus tindalei 
Sthenurus stirlingi 

METHODS AND ABBREVIATIONS 

The primary purpose of this study is to 
describe the Sthenurus material now avail¬ 
able from Lake Callabonna. Because these 
materials include some of the most complete 
skeletal remains of the genus, representing 
three closely allied species, we have adopted 
a format in which these materials are de¬ 
scribed and compared, with emphasis on the 
more complete new species. Macropus gi- 
ganteus (specifically AMNH CA2390) and, 
where possible, Procoptodon goliah from Lake 
Menindee (Tedford, 1967) are compared with 
these large Sthenurus species. Materials are 
contrasted with a large living kangaroo and 
with the most derived sthenurine. The format 
of the comparative morphology section 
therefore differs slightly from the usual in¬ 
dependent treatment of taxa; that is, descrip¬ 
tions and comparisons are combined in one 
section. The illustrations are also arranged in 
a comparative fashion. The systematic po¬ 
sition of these forms and their amended di¬ 
agnoses are treated separately for clarity in 
our conclusions on phylogeny and classifi¬ 
cation. 

The anatomical terminology follows con¬ 
ventions used in the descriptive osteology of 
mammals as exemplified in the description 
of the skeleton of Procoptodon in Tedford 
(1967) and in compendia of anatomy of such 
mammals as the dog (Evans and Christensen, 
1979). We illustrate features of the cranial 
anatomy (fig. 9) used herein. For convenience 
in comparisons, we have retained the serial 
designation of cheek teeth discussed and il¬ 
lustrated by Tedford (1966), rather than that 
of Thomas (1888) or that proposed by Archer 
(1978). We follow Flannery (1983) in most 
aspects of the nomenclature of dental mor¬ 
phology. Measurements, in millimeters, are 
given in the accompanying tables. Mensural 
reference points are indicated in the descrip¬ 
tion of each dimension. 


We use the following institutional abbre¬ 
viations to indicate the sources of collections 
contributing to this study: AMNH, American 
Museum of Natural History; SAM, South 
Australian Museum; UCMP, University of 
California, Museum of Paleontology. Addi¬ 
tional abbreviations include a system of de¬ 
noting wear states of cheek tooth rows de¬ 
veloped by Tedford (1966: 4-5). Millions of 
years ago is abbreviated Ma; yr BP refers to 
before present (1950) in the radiocarbon scale. 
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PHYSICAL SETTING AND GEOLOGY 


Lake Callabonna is one of an arcuate chain 
of saltpans that lie at the foot of the coalesced 
alluvial fans extending eastward from the 
northern Flinders Ranges (fig. 1). It is joined 
to Lake Blanche to the north by the Mop- 
pacolina Channel, and a similar channel (Salt 
Creek) connects it with Lake Frome to the 
south. Although the bed of Lake Frome lies 
about 3 m below sea level, flow along Salt 
Creek is partially impeded by the youngest 
beach ridge on the eastern side of Lake Frome. 
This ridge forms a drainage divide, which 
partially isolates Lake Callabonna from Lake 
Frome. Only at lake-full time can this chan¬ 
nel connect the lakes. Ancient gravel bars 
on the western side of Lake Frome and equiv¬ 
alents at Lake Callabonna indicate larger co¬ 
alescence of these water bodies in the geo¬ 
logical past. Accurate elevation data are lack¬ 
ing for lakes Callabonna and Blanche, but the 
lakes form the lowest part of the northern 
drainage basin and their floors probably ap¬ 
proximate sea level. Creeks draining the 
northeastern side of the Hinders Ranges pro¬ 
vide most of the water that reaches these nor¬ 
mally dry saltpans. Heavy rains are needed 
to cause streams, such as Callabonna and 
Yandama creeks, that originate in the Barrier 
Ranges in New South Wales to flow through 
the interdune valleys of the Strezlecki dune- 
field to Lake Callabonna. The most impor¬ 
tant of these eastern streams is Strezlecki 
Creek, a distributary of Cooper Creek, which 
empties into the southern end of Lake Blanche 
during high floods in the Cooper. All of these 
drainageways were in operation during the 
several years of exceptional rainfall in inte¬ 
rior Australia beginning in 1973, when Lake 
Callabonna and the other lakes in the system 
were filled. Normally in this region of low 
(100-125 mm/yr) and unreliable rainfall, the 
chains of lakes are saltpans and the surround¬ 
ing plains and dunefields support a sparse 
vegetation. 

The present-day arid environment is thus 
in distinct contrast with that of the Pleisto¬ 
cene, when the fossiliferous lacustrine de¬ 
posits were accumulating at Lake Callabon¬ 
na. Callen (1977: 153) and Tedford (1980) 
have discussed the late Cenozoic environ¬ 
ment of this region and have correlated the 


fossiliferous deposits at Lake Callabonna with 
the Millyera Formation of Callen and Ted¬ 
ford (1976), which has its type section south¬ 
east of Lake Frome. This and other correla¬ 
tions of the Callabonna section with that in 
Lake Frome are discussed below. 

STRATIGRAPHY 

The stratigraphic record of Lake Callabon¬ 
na is widely scattered among outcrops on the 
present saltpan floor and periphery. It has 
thus been difficult to relate the various facies 
distributed between lacustrine, fluviatile, 
strandline, and alluvial environments. The 
reconstructed cross section (fig. 4) correlates 
elevation data obtained by aneroid barom¬ 
eter with a series of measured sections that 
follows a northeast traverse across the central 
part of the saltpan shown on the geological 
map (fig. 2). This reconnaissance geological 
study of part of Lake Callabonna recognizes 
six major stratigraphic units exposed on the 
saltpan floor and immediate periphery. 

The oldest unit exposed in the vicinity of 
Lake Callabonna crops out at the base of the 
escarpment 6 km southwest of the lake mar¬ 
gin (northwestern part of the map area, fig. 
2). These deposits are well-sorted, medium¬ 
grained, micaceous quartz sandstones with 
interbedded siltstones and claystones. The 
sandstones are thin to laminar-bedded and 
cross-strata are common. They have been 
stained and cemented with iron oxide. They 
contain silicified logs up to a meter in length 
and leaf impressions of angiosperms. Many 
approximately north-south faults cut these 
deposits, and drag folds are common super¬ 
posed on a sequence that in general dips east¬ 
ward at a moderate angle. We correlate these 
beds with the Eyre Formation of Wopfner et 
al. (1974), and although the sandstones are 
more persistently micaceous than seen in 
many Eyre Formation outcrops, such lithol¬ 
ogies are recorded elsewhere in the basin. 
Seven kilometers to the northwest of this out¬ 
crop, a stratigraphic bore put down during 
the Mines Administration Pty. Ltd. explo¬ 
ration of uranium resources in the Callabon¬ 
na Basin encountered over 100 ft of ferru¬ 
ginous sandy claystones with interbedded 
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Fig. 1. Map showing the relationship of the 
study area of Lake Callabonna within the Austra¬ 
lian continent and geographic features mentioned 
in the text. Lake Callabonna is one of an arcuate 
chain of salt pans that lie near sea level along the 
western side of the late Cenozoic Callabonna Basin 
in South Australia. These lakes are flanked by al¬ 
luvium from the Flinders Ranges, whose eleva¬ 
tions range from 500 to 3500 ft. To the north, a 
low divide formed by gently folded early Tertiary 
and Mesozoic rocks separates the Callabonna Ba- 


lignite that represent a finer-grained facies of 
the Eyre Formation. Contours drawn on the 
base of Eyre Formation that are taken from 
data obtained during the same exploratory 
work indicate thicknesses in excess of 165 m 
for the Eyre Formation in this area (Wopfner 
et al., 1974). 

Unconformably overlying the Eyre For¬ 
mation along the escarpment mentioned 
above are flat-lying sandstones and siltstones 
that lie on an erosion surface of 17 m or more 
of relief. The coarse sandstones have gritty 
textures and contain subangular polished 
quartz and claystone pebbles cemented with 
black iron oxide. These cross-stratified stream 
channel fills are interbedded with white-to- 
pink siltstones and finer sandstones contain¬ 
ing ironstone nodules. At the top of the 23 
m section of these rocks, white siltstone and 
fine sandstones bearing ironstone nodules are 
cemented with opaline or chalcedonic silica 
in large concretionary masses to form a sil- 
crete that has been brecciated and recement¬ 
ed in places. These outcrops represent the 
fluviatile facies of the basal Namba Forma¬ 
tion (Callen and Tedford, 1976). In the near¬ 
by Mines Administration bore mentioned of 
above, the Namba Formation is 30 m thick 
and is capped by opaline silcrete. The se¬ 
quence encountered there includes medium- 
to-coarse quartz sands with polished grains 
interbedded with dark gray claystones. 

In the escarpment section, the channel-fill¬ 
ing sands grade laterally to black claystones 
with alunite(?) nodules. Similar rocks crop 
out on the floor of Lake Callabonna near site 
4 (fig. 2), where they consist of black clay¬ 
stones with alunite(?) nodules, purple-weath¬ 
ering, dark gray, agrillaceous fine sandstone, 
and local channel-form bodies of well-sorted, 
medium-grained quartz sandstone with sub¬ 
rounded, polished grains frequently cement¬ 
ed with silica. Such rocks also crop out be¬ 
neath the gravel bars on the western side of 
the lake and at shallow depth (2 m) between 
the gravel bars to the south. Aerial photo- 


sin from the Lake Eyre Basin. Cooper Creek 
breached this divide (shown in the northwest cor¬ 
ner of the map) during the Pleistocene and entered 
the Lake Eyre Basin. 
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graphs of the northern part of the lake suggest 
a large area of outcrop of dark Namba For¬ 
mation claystones on the floor of the deepest 
part of the saltpan. 

On the western side of the lake, a few me¬ 
ters of red and green mottled claystones crop 
out beneath the older alluvium and overlying 
oldest gravel bar. Seven kilometers to the 
south, similar rocks form the upper 12 m of 
an east-facing gypcrete-capped escarpment. 
There they rest on gently west-dipping silic- 
ified and ferruginized Namba Formation. 
North of this outcrop, at the top of the es¬ 
carpment referred to above, a few meters of 
carbonate-cemented gravels strongly ce¬ 
mented with gypsum may represent a cor¬ 
relative unit. These rocks are referred to the 
Willawortina Formation of Callen and Ted- 
ford (1976). 

Within the perimeter of the lake, the Nam¬ 
ba Formation is disconformably overlain by 
fine sands and laminated clays that constitute 
the Diprotodon -bearing unit, which is pro¬ 
visionally attributed to the Millyera For¬ 
mation (sensu Callen and Tedford, 1976, in¬ 
cluding the Coomb Spring Formation of 
Callen, 1984). Where the contact can be seen 
near site 4 (fig. 2) on the eastern side of the 
lake, the basal Millyera Formation is a fer¬ 
ruginous fine sand containing black claystone 
clasts and quartz pebbles derived from the 
underlying Namba Formation. These basal 
sands may be greater than 2 m thick and 
contain lenses of greenish claystone that in¬ 
crease in frequency until claystone dominates 
the upper part of the section in which the 
fossil remains are found. Claystones form the 
upper 5 m of the Millyera Formation of the 
lake basin we have studied. The most fossil- 
iferous interval, however, constitutes only the 
lower 2 m of this argillaceous member, which 
is overlain by a bed of large selenite crystals 
that crops out as a widely traceable, resistant 
unit that forms broad benches bordered by 
low erosional scarps (fig. 5). Laminated clay¬ 
stone alternating with laminae of fine sand 
characterize the fossiliferous unit, especially 
at site 4, where these beds form cyclic cou¬ 
plets of a few centimeters in thickness. Gyp¬ 
sum, in the form of small discoidal or “mil- 
let-seed” (Bowler and Teller, 1986) crystals, 
is abundant in these deposits, particularly in 
the sand laminae. 



Sand sheets and 
longitudinal dune 
(axial trends shown) 

Artesian spring 
deposits 

Younger alluvium 


Disconformity - 


COONARBINE FM: 

Gravel beach ridge(Qcb), 
sand and clay pellet 
lunette (Qcl) 

- Disconformity - 

EURINILLA FM: 

Gravel beach ridge (Qeb), 
fluviatile sands and 
gravels(Qef), lacustrine 
sands and clays(Qel) 


Disconformity- 


MILLYERA FM: 

Gravel beach ridge(Qmb), 
lacustrine sands and 
clays(Qml), strandline 
dunes(axial trendsQmd) 


Disconformity- 


Older alluvium 
Disconfomity - 

WILLAWORTINA FM. 

Unconformity - 

NAMBA FORMATION 

Unconformity - 

EYRE FORMATION 


Fig. 2. Legend. 


At site 4, the sand laminae, where etched 
out by deflation on the lake floor, show cur¬ 
rent ripples, desiccation polygons, and mam¬ 
mal trackways. Excavations revealed the ex¬ 
tent to which these deposits have been 
deformed by the movement of heavy-bodied 
animals across wet sediments (fig. 6). Defor¬ 
mation of the sand and clay laminae through 
such bioturbation is common, and, in places, 
amounts to homogenization of an originally 
bedded sequence. This is exhibited in dra¬ 
matic fashion in the proximity of the Dipro¬ 
todon skeletons, where the animals churned 
the entrapping clays in their futile efforts to 
free themselves. Thin silty limestone or trav¬ 
ertine lenses, often mudcracked, are also in- 
terbedded with the laminated clays. Track¬ 
ways preserved in limestones were our first 
recognition of the presence of these unusual 
features (Tedford, 1973: fig on p. 349). Small 
fish (including articulated remains at site 1), 
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Fig. 2. Geological map of a part of Lake Callabonna and vicinity showing geologic and geomorphic 
units. The map was prepared from an enlargement of the Callabonna 4-mile sheet (1:250,000, SH54-6 
Provisional Edition, Div. Nat. Mapping, Canberra, series R502, 1965) and the geology mapped by 
ground observation, aerial reconnaissance and photographs, and Landsat images. Numbered solid tri¬ 
angles indicate SIAM sites from which collections were secured; lettered open triangles indicate sites 
referred to in the Appendix. 


gastropods ( Coxielladda :), beetle wing cases, 
ostracods, charophytes, abundant wood, 
twigs, Callitris cones, and pollen occur in the 
laminated deposits. Most of these remains 
occur below the selenite bed, but at site 3 and 
locality E, Diprotodon and other taxa were 
found in laminated clays above this unit. 

We attributed the deeply dissected highest 


strandline gravel and sands exposed on the 
western shore of Lake Callabonna to the Mil- 
lyera Formation. They also appear to form 
the eastern spit, where they extend into the 
lake and rest on the Millyera lacustrine de¬ 
posits. These gravel bars are composed most¬ 
ly of silcrete and quartz clasts in coarse sand 
that contains shells of Coxielladda. If these 
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Fig. 3. Aerial view looking south toward SIAM site 3 (at curve in the vehicle track at the left side 
of the view) and site 1. SIAM site 2 is just off the right edge of view in the middle distance. In 1893, 
fossils were collected within the area of white saline efflorescence between SIAM sites 1 and 3. 


gravels approximate the highest shoreline of 
the Millyera Lake, the lake may have ex¬ 
tended eastward to at least the 10 m contour. 
This would place the shoreline at about the 
limit of the well-defined arcuate claypan 
alignments that delimit the strandline dune 
system (see Landsat photos in Loftier and 
Sullivan, 1979: pi. 1; Callen, 1977: fig. 7). 

In several places the older alluvium crops 
out beneath these high beach deposits. It is 
clear that the latter are derived from the al¬ 
luvium. A calcareous paleosol is preserved at 
the top of the older alluvium in some places. 
Along the western margin of the lake, the 
older alluvium rests on the black claystones 
of the Namba Formation and consists of a 
basal gravel and sand with a red-brown clay 
matrix overlain by pebbly green-gray clay- 
stones that may grade laterally into the Mil¬ 
lyera lacustrine deposits. 

Disconformably overlying the Millyera 
Formation are fluviatile and lacustrine facies 
referred to the Eurinilla Formation, whose 
type section is also in the southern Lake 


Frome area (Callen and Tedford, 1976: fig. 
1). Within the present lake basin, the Euri¬ 
nilla Formation is represented by greenish- 
gray sandy clays, usually with a pebbly sand 
at the base that may be carbonate-cemented 
and may contain molluscs (Coxielladda at 
site 2). Clasts in these basal sands include 
quartz and travertine pebbles, as well as 
rounded fragments of bones and teeth ( Di- 
protodon and Protemnodon could be identi¬ 
fied). The sandy clays composing this facies 
are thin-bedded and are locally rich in char- 
ophytes and Coxielladda. Small rosettes of 
gypsum occur at various horizons, but are 
most abundant toward the top, where the ro¬ 
settes may be concentrated, and platy gypsum 
is also present. At site 3 and vicinity, this 
gypcrete is overlain by a meter or two of loose 
pebbly sands bearing clasts of travertine, 
quartz, silcrete, dark rock fragments, jasper, 
and bone and eggshell fragments. We did not 
find autochthonous fossil vertebrates in this 
unit at Lake Callabonna, but Eurinilla For¬ 
mation deposits in the Billeroo Creek drain- 
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Fig. 4. Correlated columnar sections extend from the gravel beach ridge complex on the southwest 
shore of Lake Callabonna (left) eastward to sites 2 and 3 (fig. 2) and site 4 and the adjacent northern 
shore of the lake. Relative elevations were established by aneroid barometer (precision ± 2 m). Symbols 
are as defined in figure 2. Gypsum-indurated horizons are indicated by horizontal V, calcrete by inverted 
T, and travertine by the conventional symbol for limestone. 


age, southeast of Lake Frome (fig. 1), have 
produced a Pleistocene fauna (Callen and 
Tedford, 1976; Williams, 1980) containing 
some of the taxa recorded from the Lake Cal¬ 
labonna Fauna, including Sthenurus stirlingi. 


In the northern part of the mapped area, 
north of site 4, pebbly coarse sands cut into 
the Namba and Millyera formations repre¬ 
sent a paleochannel fill. These deposits con¬ 
tain only silcrete, quartz, and quartzite clasts 



Fig. 5. View looking southeast at the bluff at SIAM site 3 in 1953. Diprotodon skeletons covered by 
saline efflorescence on the lake floor are at right of view. This is part of the area worked by the Hurst 
brothers early in 1893. The selenite unit within the Millyera Formation supports the bench at the left. 
The contact with the Eurinilla Formation is just above this level, and the latter unit forms the remainder 
of the hill (see diagrammatic section, fig. 4). 
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Fig. 6. Cross section of lower part of Millyera 
Formation at SIAM site 4 from which SIAM 50 
(Phascolonus gigas partial skeleton) was obtained. 
Fossils were obtained from the laminated clays 
above the hammer handle (hammer 33 cm long). 
The laminated sands below clays are unfossilifer- 
ous and rest on black Namba Formation claystone 
(hand samples deposited to left of the pit). Note 
the contorted stratification, most of which repre¬ 
sents vertebrate foot prints seen in cross section. 

representing mature debris from the eastern 
side of the basin. The channel sands give way 
upward to gypsiferous, thin-bedded fine sands 
and clays of the lacustrine facies of the Eu- 
rinilla Formation. We also attribute to the 
Eurinilla Formation the higher of the two well- 
preserved gravel bars that skirt the western 
side of Lake Callabonna and extend discon¬ 
tinuous^ south to Lake Frome. At Lake Cal¬ 
labonna, these bars form the western gravel 
spits that extend to the lake floor, where they 
overlie the older alluvium. These gravels are 
composed mainly of silcrete, quartz, and dark 
metamorphic and plutonic rock clasts in very 
coarse sand matrix derived from the older 


alluvium on which these beach deposits rest. 
They lack molluscs and have no paleosols 
imposed on them. They correspond in ele¬ 
vation to a terrace cut across the flank of the 
Millyera strandline dune on the southeastern 
side of Lake Callabonna. 

Equivalents of the Coonarbine Formation 
of the Lake Frome region (Callen and Ted- 
ford, 1976) are the youngest lacustrine de¬ 
posits preserved within the Callabonna lake 
basin. They rest on the deeply dissected older 
Pleistocene deposits and include, as at Lake 
Frome, mainly strandline, aeolian, and arte¬ 
sian spring facies. We have not been able to 
separate a lacustrine facies from those de¬ 
posited during the Holocene. The Coonar¬ 
bine lake was confined to the limits of Ho¬ 
locene Lake Callabonna. Well-preserved 
beach-ridge gravels associated with this epi¬ 
sode form the lowest tier of strandline de¬ 
posits on the western side of the lake. They 
are composed of abundant milky quartz, sil¬ 
crete, and dark metamorphic and plutonic 
rocks in a very coarse sand matrix. Green- 
gray clay lenses are present. No paleosols were 
developed on these beach ridges. The ridges 
correspond in elevation with the lowest ter¬ 
race surface imposed on the Millyera strand¬ 
line dunes on the southeastern side of Lake 
Callabonna. 

The arcuate eastern shore of Lake Calla¬ 
bonna is rimmed by an eroded lunette. The 
easternmost, and more continuous, line of 
dunes is formed of cross-bedded tan sands. 
A lower clay pellet and quartz sand dune 
forms the discontinuous innermost lunette 
remnant. Part of the blanket of tan sands on 
the floor and perimeter of Lake Callabonna 
may have been initiated during deposition in 
the Coonarbine Formation and reworked into 
younger land forms. 

Natural artesian mound spring deposits are 
a prominent feature on the floor of Lake Cal¬ 
labonna. Older mounds larger than those still 
active are found within the linear trends of 
the active mounds. Near site 2 and locality 
E, these extinct mounds intrude the Millyera 
and Eurinilla formations. The latter deposits 
in turn include travertine beds that indicate 
a long history of spring activity. These older 
mounds imply greater discharge than the ac¬ 
tive springs and may correspond with the 
Coonarbine lacustrine episode. 
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The deep dissection of the lake floor prior 
to deposition of the Coonarbine Formation 
was most likely accomplished by deflation, 
as there are limited avenues for effective 
transport of sediments from the basin by flu- 
viatile means. We equate this major deflation 
with the erosion of the Millyera strandline 
dunes and the formation of the sief dune sys¬ 
tem so conspicuous in the present landscape. 

Holocene deposits at site 2 include brown 
argillaceous sands or sandy clays lacking gyp¬ 
sum nodules. These are interbedded with thin 
travertine and intruded by natural artesian 
spring heads. The springs built silty clay 
mounds with travertine carapaces. Mound 
springs are abundant at Callabonna, as shown 
on figure 2, and most represent Holocene 
phenomena. At site 2 a cormorant nesting 
site was found in which bird skeletons, eggs, 
guano, and fish remains occurred in silty sands 
interbedded with travertine from a nearby 
extinct spring head. In more recent times, 
red-brown sandy clays and gravel deltas have 
been deposited on the lake floor from the 
streams on the western side of the basin. These 
clays, and the abundant Coxielladda con¬ 
tained in them, are now being reworked into 
red-brown clay pellet dunes near site 3. 

STRUCTURE 

The Quaternary succession at Lake Calla¬ 
bonna is flat-lying and displays no obvious 
structural deformation. Alignments of mound 
springs in the area mapped (fig. 2) suggest 
control by fractures reaching the artesian aq¬ 
uifers beneath the lake. No displacements of 
the Quaternary section could be detected on 
the lake floor. A major northerly oriented 
chain of prominent springs extends through 
the middle of the lake at the western edge of 
the mapped area, and the springs at sites 1- 
4 and to the north seem to indicate a north¬ 
westerly trend. These alignments are more or 
less in agreement with the trend of structural 
lineaments mapped by Firman (1974) for this 
part of South Australia. 

Tertiary rocks exposed in escarpments 
southwest of Lake Callabonna indicate sig¬ 
nificant faulting and associated folding of the 
Eocene Eyre Formation and the less severe 
deformation of the unconformably overlying 
late Oligocene or early Miocene Namba For¬ 


mation. Structures in the Eyre Formation 
seem to have approximately north-south ori¬ 
entations in accord with the trend of the cen¬ 
tral mound-spring system of the lake. West¬ 
ern dips in the Namba Formation appear to 
reflect local events (perhaps drag folding as¬ 
sociated with faulting) that cut across the re¬ 
gional eastward dip into the Callabonna Ba¬ 
sin. 

GEOLOGICAL HISTORY 

A remarkable aspect of the Quaternary la¬ 
custrine sequence in the Lake Callabonna area 
is that it is so thin. We record 10 m near sites 
1-3 (fig. 4), and the maximum may not ex¬ 
ceed this thickness by very much. This is 
surprising in that Lake Callabonna is the fo¬ 
cus of an important part of the present drain¬ 
age of the central Lake Frome region. Much 
of the Quaternary history of the area is prob¬ 
ably represented by the disconformities that 
break the stratigraphic column. The sedi¬ 
mentary succession preserved has been cor¬ 
related with that worked out for the Lake 
Frome area by Callen and Tedford (1976). 
The sedimentary environments delineated by 
those authors and later reviewed for the Mil¬ 
lyera Formation and other units by Callen 
(1977, 1984) are broadly those indicated by 
the evidence at Lake Callabonna. 

The Millyera Formation was deposited in 
a lake basin that probably extended much 
farther east than the present confines of Lake 
Callabonna. The presence of older Cenozoic 
rocks along the western shore of the present 
saltpan and a beach ridge attributed to the 
Millyera lake suggests that the western 
boundary of this lake basin is approximated 
by the modem shoreline. The Millyera For¬ 
mation exposed on the present lake floor rep¬ 
resents quiet-water lacustrine and marginal 
lacustrine facies, with the basal sands imply¬ 
ing shallower water than the succession of 
argillaceous sediments that follow. Cyclic, 
thin couplets of rippled fine sand and lami¬ 
nated clays within the lower part of the more 
argillaceous member reflect episodic depo¬ 
sition. This can be related to changes in water 
level in the lake. Longer periods of higher 
water tables are represented by laminated 
clays. These periods alternate with shorter 
intervals of shallow water, which are indi- 



14 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 225 


cated by ripple-marked fine sands or dry sur¬ 
face conditions that occurred with deposition 
of interstitial evaporites and drying and 
cracking of surface deposits. A more pro¬ 
tracted deep lake phase is indicated by the 
widespread unit of large twinned selenite 
crystals that punctuates the lacustrine facies 
of the Millyera Formation. Abundant track¬ 
ways also indicate that the lake floor was oc¬ 
casionally dry enough to be crossed by large 
marsupials and birds. Salinity-tolerant gas¬ 
tropods, ostracods, and charophytes plus in¬ 
terstitial displacive gypsum and salt also in¬ 
dicate that the waters of this Millyera lake 
were saline much of the time. Abundant plant 
macrofossils contained in these sediments, 
however, suggest a climate with more rainfall 
than occurs presently. In addition to the na¬ 
tive pine cones ( Callitris ) noted by Stirling 
(1894) and ourselves, Dr. G. Singh (Depart¬ 
ment of Biogeography and Geomorphology, 
Australian National University, personal 
commun. 1972) examined the pollens from 
clays surrounding a eucalypt branch used for 
radiocarbon determination (1-5479, Buckley, 
1973, date beyond the range of the radiocar¬ 
bon). His preliminary identifications from this 
single sample suggest a somewhat richer flora 
for the surrounding area during deposition of 
the Millyera Formation. Tentative assess¬ 
ment of the vegetation includes a saltbush- 
dominated savanna with scattered wattle, she- 
oak, and native pine crossed by eucalpyt-lined 
water courses. Such a flora would require a 
somewhat higher precipitation and/or lower 
evaporation rate than is present in the Lake 
Callabonna area today. These results agree 
with the geological indications of a mostly 
positive water balance broken spasmodically 
by more arid intervals. 

Association of the highest gravel bar on the 
western side of the lake with the Millyera 
Formation implies the presence of a large lake 
that would have extended eastward to near 
the limit of the strandline dunes, which are 
marked by aligned claypan chains in the Stre- 
zlecki Desert. The regression of the Millyera 
lake is marked by these strandlines. A final 
stage in this drying is probably represented 
by the depth of incision of stream courses 
entering the lake from the east. Much of the 
upper part of the Millyera Formation must 
have been removed by such fluviatile scour 


and deflation prior to the Eurinilla phase of 
deposition. 

If we have properly associated the suite of 
facies with the Eurinilla Formation, it rep¬ 
resents the return to deeper water lacustrine 
conditions in a somewhat more permanent 
system localized within the perimeter of the 
present lake. A sand- and gravel-filled shal¬ 
low stream course on the eastern side of the 
basin represents the early phase of filling of 
the Eurinilla lake. This may represent part of 
the history of Callabonna Creek as it worked 
its way through the transverse dunes during 
the regression of the Millyera lake. There are 
few evaporites in the Eurinilla Formation ex¬ 
cept the small gypsum rosettes and plates. 
These are especially frequent near the top of 
the section. However, the lack of an aquatic 
fauna beyond the eurytopic Coxielladda sug¬ 
gests that the lake waters were not fresh 
enough to support a diverse molluscan as¬ 
semblage. The gravel bar (fig. 2) developed 
on the older alluvium on the western side of 
the basin records a high stand of this lake and 
corresponds to a terrace cut into the Millyera 
strandline dune, which limits the basin to the 
east. 

The sands and gravels that cap the Eurinilla 
Formation outcrops on the lake floor may 
represent fluviatile deposits spread across the 
floor of the drying Eurinilla lake. Subsequent 
to this event, deep dissection of the lacustrine 
deposits took place. Most of the Eurinilla 
Formation was removed, as was at least half 
the Millyera Formation. Much of this de¬ 
nudation was undoubtedly accomplished by 
aeolian activity, but part may have been re¬ 
moved southward to Lake Frome through 
Salt Creek before scour reached the water ta¬ 
ble. The initiation of sief dunes, largely de¬ 
rived from the Millyera strandline dunes, 
seems to be correlated with this episode of 
severe denudation of the floor of Lake Cal¬ 
labonna. 

When the water table again rose, lacustrine 
conditions were restored to Lake Callabonna 
partly because southward drainage through 
Salt Creek was now impeded by growth of 
the lunette at the northeastern edge of Lake 
Frome. The fresh-looking lowest gravel bar 
is attributed to the Coonarbine Formation; 
it records the level of a lake within the con¬ 
fines of present Lake Callabonna. Quartz sand 
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and clay pellets formed a lunette on its east¬ 
ern margin. Continued development of the 
longitudinal dunes of the Strezlecki Desert 
immediately east of Lake Callabonna seems 
related to these younger events at the lake. 
At Lake Frome the Coonarbine Formation 
also includes extensive gypsum lunettes that 
record the arid phase of the last glacial, which 
is so widely documented in southeastern 
Australia (17,000-20,000 yr BP, Bowler, 
1976; Callen et al., 1983). 

Since the deposition of the Coonarbine 
Formation, Lake Callabonna has remained a 
playa or ephemeral lake under an arid cli¬ 
matic regime, subject to rare inundations such 
as occurred in the 1970s; mostly, however, 
it has been subjected to aeolian deflation that 
has continued to scour the Quaternary se¬ 
quence to the present water table over large 
parts of the lake floor. Thin sedimentary 
blankets on the present lake floor, which were 
contributed by brief episodes of sedimenta¬ 
tion, are slowly being reworked into aeolian 
land forms under the present dry, windy cli¬ 
mate. 

Two radiocarbon dates have been reported 
(Buckley, 1973) for the Coonarbine Forma¬ 
tion at Lake Callabonna. Both dated the same 
event, the water bird nesting locality at site 
2, and yielded similar dates based on charcoal 
(2375 ± 95 yr BP) and egg shell (2080 ± 100 
yr BP)—about 2000-3000 yr BP. We now 
regard these deposits as associated with arte¬ 
sian spring mounds that formed islands dur¬ 
ing a late lake-full phase in the Holocene his¬ 
tory of this basin. 

CORRELATION AND AGE 

In the discussion above we have proposed 
a correlation of the lithostratigraphy exposed 
at Lake Callabonna with presumed equiva¬ 
lents described by Callen and Tedford (1976) 
from the same basin, but at the southeastern 
part of the Lake Frome playa. Callen (1984) 
described a new unit, the Coomb Spring For¬ 
mation, based on beds at the top of the Mil- 
lyera Formation type section (units 5-7 of 
Callen and Tedford, 1976). He regards the 
new unit as representing a separate lacustral 
phase from the Millyera. The Coomb Spring 
lake is smaller than the Millyera, being ap¬ 
proximately the same area as the present Lake 


Frome playa, and its sedimentary record is 
dominated by sands from fluviatile and ae¬ 
olian sources. What we have identified as Eu- 
rinilla Formation at Lake Callabonna per¬ 
haps should be correlated with the Coomb 
Spring Formation. The Eurinilla equivalent 
may be absent or represented within the flu¬ 
viatile and aeolian deposits identified as the 
Coonarbine Formation at Lake Callabonna. 
The latter deposits are the only ones at the 
lake that include a lunette related to the lake 
perimeter. At Lake Frome, extensive gyp¬ 
sum, quartz, and clay pellet dunes fringing 
the eastern side of the lake are regarded as 
Eurinilla Formation. A higher water table 
there may have favored lunette development 
at that time. 

Regional stratigraphic work is needed be¬ 
tween lakes Frome and Callabonna to resolve 
these correlations. Nevertheless, the evi¬ 
dence for three successive lacustrine events 
at Lake Callabonna seems secure and these 
should represent coeval events in the adja¬ 
cent Lake Frome area. In a review of radio¬ 
carbon dates from various units in the Lake 
Frome area, Callen et al. (1983) concluded 
that the Coonarbine Formation accumulated 
during the last lacustral period, 30,000- 
45,000 yr BP. They also speculated that the 
underlying Eurinilla Formation accumulated 
at least 95,000 yr BP, probably during the 
penultimate lacustral phase 125,000-200,000 
yr BP. The Coomb Spring and Millyera for¬ 
mations represent previous lacustral phases 
during the Brunhes Chron (Callen, 1984: 169) 
whose maximum age would be 0.7 Ma. 

This chronology receives some support 
from extensive thermoluminescence dating 
of Quaternary deposits in the adjacent Lake 
Eyre Basin (Nanson et al., 1992). Major flu¬ 
viatile episodes supportive of lacustral con¬ 
ditions in Lake Eyre are found equivalent to 
the last two interglacials (oxygen isotope stages 
5 and 7) and the stage 3 subpluvial. These 
are dated approximately 200,000-250,000, 
80,000-120,000, and 35,000-55,000 yr BP, 
respectively, which correspond well with the 
estimates of the ages for lacustral events in 
the Callabonna Basin. 

Regardless of the precise correlation of the 
unit containing the Callabonna fauna, it is 
evident from the proposed chronology that 
the assemblage of organisms obtained from 
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the Diprotodon- bearing beds are of significant 
antiquity and belong to some period within 
the 0.2-0.7 Ma span. The vertebrate fauna 
obtained from the Eurinilla Formation at Bil- 
leroo Creek southwest of Lake Frome (Wil¬ 
liams, 1980), although more diverse than that 


from Lake Callabonna, includes the same or 
closely comparable taxa. These faunas from 
successive stratigraphic units suggest stability 
in faunal composition in the Lake Frome area 
during the medial to late Pleistocene interval. 


TAPHONOMY 


All specimens representing the genus 
Sthenurus so far obtained at Lake Callabonna 
have been represented by partial or nearly 
complete skeletons. The sole individual rep¬ 
resenting S. andersoni (SAM PI3672-3) was 
obtained at site 1 near the camp of the Zietz 
party in 1893, and the same area produced 
the skull and mandible of S. stirlingi (SAM 
PI2882) and associated limbs of the same 
taxon (SAM P13936-8, P13940) obtained by 
the Hurst party earlier in 1893. The S. stir¬ 
lingi material represents at least two individ¬ 
uals, as there is an isolated metatarsal IV 
(SAM PI 3939) that also belongs to this taxon 
from that site. 

The Sthenurus material obtained by the 
1970 expedition all came from site 4 and 
includes four individuals of S. tindalei and 
six of S. stirlingi (including the type speci¬ 
men). These individuals were represented by 
many articulated elements, usually the hind 
limbs and especially the hind feet (fig. 7) and 
parts of the caudal vertebral column. At this 
site the laminated fossiliferous clays varied 
from 0.5 to 1.5 m in thickness (thickest in 
the western part of the site). We found that 
the skeletal elements of a single individual 
could be scattered throughout the local thick¬ 
ness of these clays. The hind limbs, especially 
the feet, were usually the more deeply buried. 
Cross sections of the clay unit revealed by 
the walls of our excavations showed con¬ 
torted sand laminae, most often convex up¬ 
ward (fig. 6), that when exposed at the surface 
proved to be mammal trackways. In some 
areas the clays were intensely churned over 
many square meters, as was dramatically in¬ 
dicated by the sand laminae that were con¬ 
torted, broken, and often tilted vertically. All 
fossil remains in these zones were similarly 
churned with the sediments. Intense biotur- 
bation by the heaviest bodied animals ( Di¬ 


protodon) must have been responsible for 
much of the disarticulation and deep burial 
of remains of the smaller forms such as 
Sthenurus. In the case of the type specimen 
of S. Stirling i, the skull and articulated man¬ 
dible were nose down in the sediments and 
the cranium was forced into the nasal cavity. 
The anterior part of the skeleton was partially 
articulated and the pelvis and hind limbs were 
separated from the rest and from each other 
by a short distance; the hind limbs were in¬ 
creasingly articulated down to the feet (fig. 
7). This specimen was one of the better ar¬ 
ticulated ones and suggests partial disartic¬ 
ulation before burial, coupled with compres¬ 
sion through trampling by other taxa. In some 
cases broken bones were found in situ, further 
indicating scattering by predators scavenging 
the exposed carcasses. Some bones were 
cracked from prolonged exposure to the air, 
especially a skull and mandible of S. stirlingi 
(AMNH 117496) whose cranium had been 
broken away. Field evidence suggests entrap¬ 
ment of large-bodied animals in fluid clays. 
In the case of kangaroos, the hind limbs and 
feet were initially buried and were thus most 
often preserved in articulated fashion; the up¬ 
per part of the body may have been exposed 
and was occasionally scavenged and disartic¬ 
ulated. The bones were cracked by longer ex¬ 
posure, possibly being aided by crystalliza¬ 
tion of salts in the efflorescent zone of the 
lake floor, as is the case of the fossil bones 
exposed on the present playa surface. The 
taphonomic evidence indicates short-term 
fluctuations of the water table in this part of 
the Callabonna Basin in Pleistocene time, 
possibly representing seasonal wet-dry cycles 
punctuated by more protracted events. 

An unusual aspect of the preservation of 
organic remains at Lake Callabonna is the 
existence of skin and hair impressions or re- 




Fig. 7. Hind limbs of the holotype of Sthenurus stirlingi (SAM P22533, SIAM 62) in situ, SIAM 
site 4. The pelvis and femora are in the block in the upper left, the tibiae-fibulae in the center, and hind 
feet in the lower right view. The bones are semi- to fully articulated and lie at the base of the laminated 
clays. The underlying sands are exposed in the pit in lower left. 

placements by microcrystalline gypsum and caudal skin by microcrystalline gypsum. Im- 
calcite. In the case of the Sthenurus material, pressions of hair of the tail in the same ma- 

we encountered an individual of S. tindalei terial were also found. This material allows 
(AMNH 11797) whose caudal vertebrae were some aspects of the external morphology of 
partially articulated and were surrounded by the tail integument to be described, as re¬ 
replacements, probably void fillings, of the ported below. 


SYSTEMATICS 


INFRACLASS MARSUPIALIA 
ILLIGER, 1811 

ORDER DIPROTODONTIA OWEN, 1866 

SUPERFAMILY MACROPODOIDEA 
GRAY, 1821 

FAMILY MACROPODIDAE GRAY, 1821 

SUBFAMILY STHENURINAE 
(GLAUERT), 1926 

In a previous review, one of us (Tedford, 
1966) presented a list of characters (op. cit.: 


7-10) that he believed to be diagnostic of the 
subfamily Sthenurinae (Glauert), 1926. 
Among the features noted, the following seem 
to constitute the more important synapo- 
morphies uniting the genera Sthenurus , Si- 
mo sthenurus, and Procoptodon as a mono- 
phyletic group within the Macropodidae: 
skulls brachycephalic with deep, broad ros¬ 
tra; very brachycephalic species with re¬ 
markably short, wide, and deep skulls with 
basicranium elevated well above palatal 
plane; zygomatic process of squamosal deep; 
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masseteric process of zygoma very robust; 
large palatal vacuities, narrow palatine bars; 
external auditory meatus very long, ventrally 
keeled and strongly sutured to squamosal; 
upper incisors form narrow, V-shaped group 
viewed ventrally; 13 with high crown elongate 
posteriorly without lateral grooves; P3 with 
high lingual crest extending full length of tooth 
and connected to labial or main crest by 
transverse laminae; lower jaws strongly su¬ 
tured, often ankylosed at symphysis in adults, 
boss often formed at union; horizontal rami 
deep and thick, depth at symphysis not ap¬ 
preciably shallower than beneath cheek teeth; 
mandibular or posterior mental foramen on 
labial side of mandible beneath cheek teeth; 
lower incisor with short crown, and sharply 
produced dorsal margin; p3 with labial crest; 
permanent premolars, erupt late in ontogeny, 
usually after eruption of M4; front foot with 
digits I and V greatly reduced, elongate met- 
acarpals II-IV and long curved ungule pha¬ 
langes; hind foot with digits II—III, V reduced 
to vestiges, distal end of metatarsal IV wide, 
phalanges broad; proximal phalanx with lat¬ 
eral scars on midshaft for sesmoid ligaments. 

Additional synapomorphies listed in Flan¬ 
nery (1983) included: occlusal surface of cen¬ 
tral upper incisor short, not broad and blade¬ 
like as in macropodines; upper molars with 
postlink present on rear face of hypoloph; in 
anterior upper molars postmetacrista contin¬ 
ues lingually across hypoloph and terminates 
nearer occlusal edge than posthypocrista, 
providing overlap of these structures; enamel 
completely encircles crown of il; lower mo¬ 
lars with well-developed premetacristid that 
usually contacts paracristid (forelink). These 
features and the others listed above enabled 
Flannery to demonstrate that the subfamily 
included the fossil genus Troposodon Bartho- 
lomai, 1967, as well as the living banded hare 
wallaby, Lagostrophus Thomas, 1887, the 
most plesiomorphic member of the group. 

The sthenurines are the sister-taxon of the 
macropodines because they share strongly 
bilophodont cheek teeth, absence of a post- 
hypocristid, and pedal features pointed out 
by Flannery (1983). This relationship is ex¬ 
pressed by uniting the sister-taxa as subfam¬ 
ilies of the family Macropodidae. In turn, 
these forms are grouped into the superfamily 
Macropodoidea with the rat kangaroos (Po- 


toroidae) through such synapomorphies as the 
wide masseteric canal in the mandible, en¬ 
largement of the forestomach for ruminant¬ 
like digestion, and modifications of the limbs 
and axial skeleton for saltatorial locomotion. 
The potoroids (including the subfamily Hyp- 
siprymnodontinae) show unique union of the 
squamosal and frontal bones on the side of 
the cranium, a vaginal caecum (anterior vagi¬ 
nal expansion; see Rose, 1978, for review of 
this character), and other features reviewed 
by Flannery et al. (1983), which are sum¬ 
marized and extended by Archer (1984). 

We agree with Flannery (1983) that Pro- 
coptodon and Simosthenurus are sister-taxa 
united by the following synapomorphies: 
markedly short and deep skulls with basicra¬ 
nial planes strongly elevated with respect to 
palatal plane; very deep squamosal process 
of zygoma; masseteric process of zygoma very 
well developed, vertically dependent and 
formed jointly by jugal and maxillary; lower 
jaws ankylosed, very thick and deep. In con¬ 
trast, the genus Sthenurus, although united 
with Procoptodon and Simosthenurus by the 
synapomorphies characterizing the subfam¬ 
ily Sthenurinae, possess few autapomorphies. 
The cheek tooth dentition in Sthenurus is 
high-crowned and has better-developed mid¬ 
links than in Simosthenurus and primitive 
(sensu Sanson, 1978) macropodines, and in 
this sense approaches Procoptodon . We re¬ 
gard this as a case of parallel development of 
high-crowned, better-linked teeth in those 
sthenurines (as in some macropodines), pos¬ 
sibly in response to the selection pressures 
postulated by Sanson (1978). We thus place 
more emphasis on the complex of skull fea¬ 
tures uniting the brevirostrine sthenurines. 
The very close morphologic resemblance be¬ 
tween all the species of Sthenurus sensu stric- 
to reinforces the shared-derived cheek tooth 
features in indicating their monophyly. 

Sthenurus Owen, 1873 

Five species have been described and 
grouped into the genus Sthenurus in the re¬ 
stricted use advocated in this paper. There is 
a sixth species represented by two rami in the 
older Queensland Museum collections. These 
rami were most likely collected from the Plio¬ 
cene Chinchilla Sand of the western Darling 
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Downs. They were described by Bartholomai 
(1963: 58-59) and later studied by Tedford, 
who agrees with Bartholomai that a distinct 
taxon is represented. One of these rami (QM 
F813) preserves the p3, and its morphology 
closely resembles that of S. andersoni in hav¬ 
ing the posterolabial crest fused to the ante¬ 
rior cusp, the junction of which is marked by 
a shallow groove. Both rami contain molar 
teeth markedly smaller than S. andersoni or 
S. atlas\ however, like these late forms, they 
show high crowns, strong links, and few cren- 
ulations on the lophids. A well-developed 
premetacristid is present. We designate this 
taxon informally as Sthenurus species in the 
following discussion. 

Phylogenetic analysis (fig. 8) shows Sthen¬ 
urus as a monophyletic assemblage of species 
defined by the possession of high-crowned 
cheek teeth with well-developed links and the 
absence of enamel on the lingual face of the 
lower incisor. These features parallel those of 
more advanced macropodines, but are com¬ 
bined with the characteristic union of fore¬ 
link (paracristid) and premetacristid of the 
sthenurines. 

The form of the p3 serves to separate 
Sthenurus atlas and S. notabilis from the rest 
of the genus (fig. 8). In these species, the form 
of this tooth is thought to represent the de¬ 
rived condition in which the posterolabial 
crest is isolated from the anterior cusp by a 
deep narrow groove that may extend nearly 
halfway down the crown. Other Sthenurus 
species have strong union of the posterolabial 
crest with the anterior cusp, and this is the 
condition in all other sthenurines. Tedford 
(1966: 26) discussed the relationship of S. 
notabilis to S. atlas : the two species are pri¬ 
marily distinguished by size (S. notabilis be¬ 
ing larger) and by the relatively smaller size 
of p3 relative to the cheek teeth in S. nota¬ 
bilis. 

Sthenurus andersoni , S. tindalei , and S. 
stirlingi have a greatly reduced or absent pre¬ 
metacristid, which represents a reversal of 
the condition that otherwise is characteristic 
of sthenurines. Sthenurus andersoni is the 
smallest taxon, but is otherwise plesiom- 
orphic as far as comparison is possible. The 
larger species are united as sister-taxa in shar¬ 
ing unique separation of the premaxilla from 
the nasals by interposition of a process of the 


STHENURINAE- 
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Fig. 8. Cladogram showing the relationships 
of the Sthenurus species discussed in the text. Node 
A, sthenurine synapomorphies detailed in the sec¬ 
tion on systematics; node B, high-crowned cheek 
teeth with well-developed links and enamel lack¬ 
ing on lingual face of lower incisor; node C, p3 
with posterolabial cusp separated from anterior 
cusp by deep cleft; node D, premetacristid greatly 
reduced or absent; node E, larger taxa distin¬ 
guished by separation of premaxilla and nasal bones 
by a maxillary process. 


maxillary. In addition, S. stirlingi has a 
prominent lingual groove on 13 that is un¬ 
known in other taxa. 

The chinchilla taxon occupies a trichoto- 
mous position with regard to the named taxa 
in that it appears to be a plesiomorphic 
Sthenurus species in all available features of 
the dentition, especially the union of poster¬ 
olabial crest with anterior cusp on p3. This 
form approximates a stem-species in the phy- 
logeny of Sthenurus. 

The above data yield the following revised 
diagnosis of Sthenurus Owen, 1873: relative¬ 
ly dolichocephalic skull, proportions more 
macropodine-like than in other sthenurines; 
palatal and basicranial planes nearly approx¬ 
imating one another; mandibular rami weak¬ 
ly ankylosed; relatively narrow, shallow sym- 
physeal union not extending significantly 
behind genial pit; lower incisors spatulate, 
procumbent; upper and lower premolars nar- 
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row for their length, length greater than any 
molar, more trenchant in form than in other 
sthenurines; third upper premolars always 
with posterolabial cusp; molars higher 
crowned than in other sthenurines, lacking 
conspicuous crenulations on loph(id)s, mid¬ 
links low, but consistently present; lower mo¬ 
lars relatively narrow for their length with 


well-developed forelink and midlink; meta¬ 
tarsal IV long and slender. 

Sthenurus contains the following species: 
S. atlas (Owen), 1838 (genotypic species); S. 
andersoni lAzrcus, 1962; S. wtaW/w Bartho- 
lomai, 1963; S. tindalei Tedford, 1966; S. 
stirlingi, new species; and Sthenurus sp. Bar- 
tholomai, 1963: 58-59. 


CALLABONNA STHENURUS 


The three species of the extinct macropod- 
id genus Sthenurus described in this paper 
are made known on the basis of relatively 
complete and associated skeletal remains. 
These are the first descriptions of the post- 
cranial remains other than metatarsals at¬ 
tributed to the genus. This unprecedented sit¬ 
uation has provided new morphologic 
evidence relevant to questions of relation¬ 
ships and function in comparison with other 
taxa contained in the Macrpodidae. 

Sthenurus andersoni Marcus, 1962 

Holotype: Left ramus lacking ascending 
portion, root of lower incisor, p3, part of al¬ 
veolus and anterior root of ml, m2-4 com¬ 
plete (II-MBB), AM MF 946. Bingara Fauna, 
New South Wales. 

Paratypes: Include left and right jaw frag¬ 
ments and isolated teeth of the upper den¬ 
tition from the type locality (Marcus, 1962). 

Referred Specimens: In addition to the 
jaw and maxillary fragments already referred 
to this species by Bartholomai (1963) and 
Tedford (1966), a partial skeleton (SAM 
PI3672 jaw, PI3673 skull and postcranials) 
from Lake Callabonna, South Australia, is 
also assigned to this taxon. This specimen is 
contained in the collections of the South Aus¬ 
tralian Museum and is presumed to be that 
referred to by Stirling (1894: 209): “of fossil 
kangaroos we have one small but very com¬ 
plete skeleton.” This skeleton includes the 
anterior portion of the skull including left and 
right 11.2.3, P3, Ml.2.3.4 (IV. L+L+LL) 
premaxillary, maxillary, nasals, frontals, ju- 
gals, and exoccipital fragment; the mandible, 
less the right and left ascending rami but in¬ 
cluding right il-p2 and fragmentary ml.2.3 
(IV. L+L+LL) and left il fragmentary p3, 
ml.2.3.4 (IV. L+L+LL); portions of cervi- 


cals 5,6, and 7; thoracic vertebra 1 and centra 
2 to 8 inclusive; lumbar vertebra 3 and centra 
of 2, 4, 5, and 6; fragmentary sacrum and 
pelvis including right epipubic fragment; cau¬ 
dal vertebrae 1 to 17 inclusive plus three in¬ 
tervertebral chevrons; right and left femora, 
tibiae, and fragmentary fibulae; left and right 
tarsi, metatarsi IV, and fragmentary meta¬ 
tarsi II, III, and V, proximal, medial, and 
distal phalanges IV; rib fragments and ster- 
nubrae; proximal portions of left scapula; right 
and left humeri, ulnae, radii; partial right car¬ 
pus including scapholunar, trapezoid, mag¬ 
num, unciform, and cuneiform; partial left 
carpus comprising scapholunar and unciform 
fragments; fragmentary right metacarpals I to 
V and left metacarpals I to III; left and right 
proximal, medial, and distal phalanges II and 
III; two distal phalanges I; proximal and me¬ 
dial and a single distal V. The above-listed 
postcranials were included in the 1893 Lake 
Callabonna collection in the South Austra¬ 
lian Museum in trays marked “Kangaroo L. 
Callabonna” or “small Wallaby.” Although 
the skull and jaws were located elsewhere in 
the collection and attributed to another col¬ 
lector, recovery of matching jaw fragments 
from the trays with the skeleton confirmed 
their association. 

Marcus’s (1962) original diagnosis was 
based on characteristics of the jaw and lower 
dentition. Tedford’s (1966) revised diagnosis 
included features of the upper dentition. The 
advanced tooth wear in P13672/P13673 has 
eliminated reference to some of those species 
characters. The following criteria have been 
used to refer this individual to S. andersoni : 
long slender lower jaw; procumbent lower in¬ 
cisors, smaller in cross section than in S. at¬ 
las: ; P3p3 within the size range of S. andersoni 
(Table 5) and of similar form; Ml-4ml-4 
protoloph (id), metaloph, and hypolophid 
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widths fall within the size range of S. ander¬ 
soni; lower molars and upper Ml.2 slightly 
shorter than the smallest S. andersoni (a con¬ 
dition attributable to the advanced state of 
wear); and M3.4 within the size range of this 
species. The left m3 retains vestiges of the 
enamel crown, suggesting a U-shaped me¬ 
dian valley, an incipient midlink, an anterior 
cingulum approximately half the width of the 
tooth, and no evidence of a posterior cin¬ 
gulum. Enamel crowns are preserved on 
M3.4, the median valley is U-shaped, there 
is no forelink, the anterior cingulum is well 
developed and extends the full width of the 
tooth, there is no midlink, and a weak post- 
hypocrista (“postlink” of Tedford, 1966) de¬ 
scends labially from the “hypocone” (meta- 
conule) to the base of the metacone. 

Sthenurus tindalei Tedford, 1966 

Holotype: Fragmentary skull containing 
the broken right 11-3, left 11-2, nearly com¬ 
plete left 13, complete little worn (II. LMEB) 
cheek teeth of both sides, SAM PI 38201. Lake 
Menindee, New South Wales. 

Referred Specimens: In addition to the 
jaw fragments tentatively identified with the 
holotype (Tedford, 1966: 26) from Lake 
Menindee, New South Wales, the following 
materials are attributed to four individuals 
of this taxon from Lake Callabonna (site 4), 
South Australia: AMNH 117491 (field num¬ 
ber SIAM 35), skull lacking lambdoidal re¬ 
gion of cranium has full, but well worn, den¬ 
tition (IV. L+L+LM), and associated skeletal 
elements including: partial vertebrae, ribs and 
clavicle, parts of right manus, left ulna, prox¬ 
imal end right fibula, and parts of right pes 
(probably male, as discussed below). AMNH 
117492 (field number SIAM 40), nearly com¬ 
plete skeleton too badly fractured by salt crys¬ 
tallization and matrix shrinkage to enable 
preparation of all its elements. Bones suc¬ 
cessfully prepared include: badly fragmented 
skull lacking most of dentition and left zy¬ 
goma, right ramus with nearly complete cheek 
tooth dentition (/II. LMEU) (probably fe¬ 
male). AMNH 117493 (field number SIAM 
54), complete skull and mandible of a young 
individual with early wear but adult dentition 
(II. LMEU/II. LMBU) and associated partial 
skeleton including: partial vertebral column, 
ribs and stemubrae, pelvis, right epipubic, 


partial femora and fibulae, tibiae, right and 
left pes, distal ends scapulae, clavicles, right 
humerus, both radii and ulnae, partial right 
and left manus (probably female). AMNH 
117499 (field number SIAM 84), palate and 
mandible of a young individual with early 
wear, but adult dentition (III. LMEU/III. 
LMEU) and associated partial skeleton in¬ 
cluding: parts of the cervical, thoracic, sacral 
and caudal vertebral column, partial ribs, 
stemubrae and clavicle, left pelvis, left femur, 
left tibia, fragment of left fibula, fragments of 
the pes, left scapula, left humerus, left ulna, 
fragments of a left radius and manus (prob¬ 
ably male). 

Specific Diagnosis: The following revised 
diagnosis takes into account the more com¬ 
plete material from Lake Callabonna herein 
referred to S. tindalei. Reference to this taxon 
was established by direct comparison of a 
cast of the type with the Callabonna material. 

Somewhat smaller than S. stirlingi (about 
15% smaller in length of molar teeth) but 
significantly larger than other described spe¬ 
cies; skull form more as in S. atlas, relatively 
dolichocephalic for Sthenurinae; cranium 
significantly elevated above palatal plane only 
in older individuals; premaxilla excluded 
from contact with nasals as in S. stirlingi ; 
palatal vacuity reaches junction of M1-P3; 
mandible with procumbent incisor as in S. 
andersoni ; 13 lacks lingual groove; P3 about 
the same length and morphology as in S. stir¬ 
lingi, but narrower, differs from other species 
in having lingual crest crossing anterior end 
of labial crest to merge with anterior cingu¬ 
lum; upper molars narrower relative to length 
than in S. stirlingi and likewise lack forelink, 
have weak midlink, and have well-developed 
posthypocrista; lower incisor crown narrow, 
shallow, and short, rather like S. andersoni, 
not broad and wide as in S. stirlingi ; p3 longer 
than any molar and nearly length of that of 
S. stirlingi, but narrower, with labial crest 
united at rear of anterior cusp rather than at 
anterior end as in S. Stirling /; lower molars 
narrower for their length than in S. stirlingi, 
weak links and proportions as in smaller S. 
andersoni. 

Sthenurus stirlingi, new species 

Etymology: For Sir Edward C. Stirling 
(1848-1919), Director of the South Austra- 
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lian Museum, 1895-1913, prominent Aus¬ 
tralian biologist who, with his assistant A. H. 

C. Zietz, first collected and described the fos¬ 
sil vertebrates of Lake Callabonna. 

Holotype: SAM P22533 (field number 
SIAM 62), skull and mandible of a young 
adult (II. MEBU/II. MEBU) and most of the 
associated postcranial skeleton including: 
complete cervical, most of thoracic, lumbar, 
and caudal vertebrae and caudal haemal 
arches, complete pelvis, stemubrae and ribs, 
partial epipubic bones, complete femora, tib¬ 
iae, fragments of fibulae, complete right and 
left pes, clavicles, scapulae, humeri, radii, ul¬ 
nae, most of both mani (thought to be male 
according to criteria discussed below). 

Referred Specimens: From Lake Calla¬ 
bonna we record the following remains of 
nine individuals identified as S. stirlingi : 
AMNH 117494 (field number SIAM 59), part 
of lambdoidal crest of a skull, but no other 
cranial remains, one thoracic vertebra, me¬ 
dian part of the caudal column and some 
haemal arches, left rib fragments, femora, 
tibiae, fragments of both fibulae, parts of both 
pes, scapulae fragments, fragments of distal 
end of right humerus, left humerus and ra¬ 
dius, fragments of both ulnae, parts of both 
manus (probably male). AMNH 117495 (field 
number SIAM 78), skull fragments including 
fragments of a left premaxillary and maxil¬ 
lary and anterior zygoma, parts of the right 
maxillary, but no mandible, juvenile indi¬ 
vidual, P2 Dp3 Ml-4, P3 calcified, unerupt¬ 
ed (III. BBUUU), parts of cervical, thoracic 
and caudal vertebrae, right ischium and ili¬ 
um, right epipubis, right femur, right tibia, 
parts of right pes, ribs, and scapula (sex un¬ 
known). AMNH 117496 (field number SIAM 
79), skull (lacking most of cranium) and man¬ 
dible of an old individual, teeth badly frac¬ 
tured and broken (IV. L+L+LL/IV. 
L+L+LL), parts of the cervical, thoracic, 
lumbar, sacrum and anterior part of caudal 
column, haemal arches, ribs, clavicles, ster- 
nubrae, pelvis, left epipubis, femora, tibiae, 
fibulae, both pes, left scapula, left humerus, 

COMPARATIVE 

In the following, the skeleton of S. stirlingi 
is compared with material attributed to S. 
tindalei and S. andersoni from Lake Calla¬ 
bonna, and with living M. giganteus. In all 


radii, ulnae, most of left manus and parts of 
the right (thought to be female). AMNH 
117497 (field number SIAM 81), right ramus 
and badly fragmented left maxillary and pre¬ 
maxillary of a young individual with early 
wear (/III. LMME) and associated partial 
skeleton with a cervical vertebra, some lum- 
bars, sacrum, and caudal vertebra; ribs, ster- 
nubrae, pelvis, right femur, distal end left 
femur, both tibiae and fibulae, parts of both 
hindfeet, partial radii, ulnae and front feet 
(probably male). AMNH 117498 (field num¬ 
ber SIAM 83), weathered fragment of left ra¬ 
mus with m 1-4 of old individual (L+L+LL), 
and associated skeletal fragments: cervical 
fragment, rib fragments, stemubrae, most of 
right femur, proximal part of right tibia, dis¬ 
tal end right fibula, distal end right humerus, 
distal ends right ulna and radius, metacarpals 
(apparently male). SAM PI2882, crushed 
skull and jaws of an old individual (presumed 
male) with broken incisors and worn but 
complete cheek tooth row (IV. L+L+LL/IV. 
L+L+LL). SAM PI 3936, complete right and 
distal three-fourths of left tibia and proximal 
parts of associated fibulae; PI 3940, right fe¬ 
mur; PI3937, right pes; PI3938, left pes; all 
are of comparable size and probably belong 
to a single individual, presumably that seen 
in the field by Brown (1894: 7). SAM PI 3939, 
left metatarsal IV. 

Specific Diagnosis: Largest known species 
of Sthenurus, approximately 15% larger in 
molar length than nearest-sized and contem¬ 
porary S. tindalei, 13 deeply grooved lin- 
gually; skull differs from S. tindalei in more 
elevated basicranium relative to palatal plane, 
greatly inflated nasofrontal area; mandible 
with relatively shorter diastema than in S. 
tindalei, symphysis more upturned and man¬ 
dibular foramen visible above masseteric crest 
when mandible is viewed laterally; P3 broad¬ 
er, but nearly same length as in S. tindalei ; 
lower incisor notably less procumbent than 
in S. tindalei ; p3 shorter for its width than 
in S. tindalei, but otherwise of similar mor¬ 
phology. 

MORPHOLOGY 

cases, semi-articulated skeletons of individ¬ 
uals were available for the fossil taxa so that 
the association of elements of the skeleton 
was either known directly or could be inferred 
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by articulation and comparison with Macro¬ 
pus. Individuals of S. stirlingi and S. tindalei 
broadly overlapped in size, but the bones of 
these taxa could be distinguished morpho¬ 
logically in most cases, as indicated in the 
discussions below. Within each taxon the 
range in postcranial skeleton size corresponds 
to that observed in larger living Macropod- 
idae in which sexual dimorphism is partic¬ 
ularly marked. These Sthenurus species also 
appear to be dimorphic, and we have tenta¬ 
tively assigned each individual to its pur¬ 
ported sex as indicated in the description of 
the material above. In the following com¬ 
parative study we will discuss intraspecific 
(sexual) as well as interspecific characters in 
the larger forms. 

Skull (table 1, figs. 10-13): The large dol¬ 
ichocephalic skull of S. stirlingi is distin¬ 
guished from the contemporaneous S. tin¬ 
dalei by the more elevated position of the 
braincase and the greatly inflated nasofrontal 
region. These general features, as well as oth¬ 
ers mentioned below, also characterize the 
skulls of purported females of S. stirlingi (e.g., 
AMNH 117496), which are no larger overall 
than males of S. tindalei (e.g., AMNH 
117491). In S. stirlingi, the palatal aspect of 
the premaxilla is broader relative to its length 
than in S. tindalei and bears a V-shaped array 
of robust incisors. The anterior portion of the 
premaxilla, as in S. tindalei, ascends oblique¬ 
ly in a smooth, continuous line from the II 
alveolus to meet a small anterior dorsal pro¬ 
cess of the maxilla (fig. 13), thus excluding 
the contact of the premaxillary and nasal 
bones. In S. andersoni and other dolichoce¬ 
phalic forms (S. atlas and Macropus gigan- 
teus ), as well as brachycephalic forms (Si- 
mosthenurus occidentalis and Procoptodon 
goliah ; Tedford, 1966), the premaxilla ex¬ 
tends dorsally to make the usual lateral con¬ 
tact with the nasals (fig. 13). The diastema of 
S. stirlingi is approximately 30 percent of the 
palatal length. It is intermediate between that 
of S. tindalei (37%) and the brachycephalic 
P. goliah (25%). Unlike S. tindalei, but sim¬ 
ilar to S. andersoni, the palate is markedly 
deflected ventrally relative to the occlusal 
plane of the molars. The incisive foramina, 
which are deep and narrow at the premax- 
illary-maxillary suture, flare anteriorly. They 
extend to a line opposite the posterior border 
of the 13 alveolus as in S. andersoni. The 


palatine vacuities are short relative to those 
of S. tindalei. They extend posteriorly from 
a line opposite the protoloph of M2 to the 
weak palatine bars opposite the metaloph of 
M4. A similar condition prevails in S. an¬ 
dersoni. The palate is concave in both trans¬ 
verse and longitudinal planes, a condition 
similar to that in S. andersoni and M. gigan- 
teus. Sthenurus stirlingi differs from the other 
taxa in that the cheek tooth row curves me¬ 
dially, both anteriorly and posteriorly, from 
a line tangential to the labial side of the mo¬ 
lars at the anterior edge of the masseteric 
processes. The row also curves dorsally an¬ 
terior to this line, as in Macropus. The max¬ 
illary is constricted above the root of P3 to 
form a deep buccinator fossa containing the 
infraorbital foramen. In S. andersoni and S. 
tindalei the infraorbital foramen lies above 
P3, behind the buccinator fossa and higher 
on the maxillary, as in Macropus. The max¬ 
illary, which is convex in midlateral aspect, 
joins dorsally with the anteriorly tapering na¬ 
sals to form a long, ventrally curved tubular 
rostrum. The anterior ends of the nasals taper 
to fine points that overhang the narial open¬ 
ing as far forward as the incisor alveoli, as in 
S. andersoni. The high vaulting of the frontals 
above the orbits is continuous, with the line 
of the rostrum giving a domed appearance to 
the forehead—a feature not evident in other 
dolichocephalic sthenurines. The postorbital 
constriction forms a line above the posterior 
end of the palate as in M. giganteus. Behind 
this line the cranium narrows to a single sag¬ 
ittal crest supported by the parietals. In S. 
tindalei, both females (AMNH 117493) and 
apparently males (judging from the posterior 
part of the dorsal cranial surface in AMNH 
117499) have parasagittal crests that con¬ 
verge posteriorly but do not meet to form a 
single crest. The zygomatic arch of the S. 
stirlingi, even in females, is deeper than in S. 
tindalei, with approximately equal contri¬ 
bution from the squamosal and the jugal. The 
laterally and distally flared masseteric pro¬ 
cesses lie at the jugal root of the arch opposite 
the protoloph of M3. They are formed largely 
from the maxillary with some lateral but¬ 
tressing by the jugal, and although far more 
pronounced than in other members of the 
genus, they are not as robust as those of 
brachycephalic forms of comparable size (e.g., 
Procoptodon ). The deep orbits have a broad 
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Fig. 9. Cranial anatomical features and nomenclature using skulls and mandibles of male and female 
Macropus giganteus. A, Lateral view of male skull (AMNH 66174); lateral and occlusal view of left 
ramus. B, Lateral view of female skull (AMNH 42905); lateral and occlusal view left ramus. C, Dorsal 
view of skull; male left, female right. D, Posterior view of skull; male left, female right. E, Palatal view 
of skull; male left, female right. Abbreviations for cranial bones: al, alisphenoid; bo, basioccipital; bs, 
basisphenoid; ex, exoccipital; fr, frontal; ip, interparietal; ju, jugal; ma, mastoid; mx, maxillary; na, nasal; 
pa, parietal; pi, palatine; pt, pterygoid; px, premaxillary; so, supraoccipital; sq, squamosal; ty, tympanic; 
zpsq, zygomatic process of squamosal. Serial designations of incisors (I), premolars (P), deciduous 
premolars (Dp), and molars (M) follow Tedford (1966). 




1995 


WELLS AND TEDFORD: AUSTRALIAN PLEISTOCENE STHENURUS 


25 


subsquamosal 

foramen 



stylomastoid 

foramen 


foramen 


postsquamosal 

fissure 


epitympanic 

fossa 


mandibular 

notch 




Fig. 9. Continued. 


rim bound by the jugal and lacrimal. In ven¬ 
tral aspect the orbit forms a shelf that pro¬ 
trudes laterally beyond the blade of the zy¬ 
gomatic arch. The anterior border of the orbit 
lies opposite the protoloph of M2 as in S. 
tindalei. In S. andersoni this border lies op¬ 
posite the protoloph of Ml. The lacrimal in 


S. stirlingi appears to be narrow and confined 
to the rim of the orbit; it bears two small 
foramina separated vertically by a small ru¬ 
gose tuberosity. 

The cranial portion of the skull is missing 
from the S. andersoni specimen. In S. stirlingi 
the squamosal process of the zygomatic arch 
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Fig. 9. Continued. 


extends posteriorly to form the mastoid- 
squamosal crest. Anteriorly, the squamosal 
extends to the posterodorsal border of the 
alisphenoid, and dorsally it extends to the 
posteroventral border of the parietals. A large 
oval postsquamosal foramen occurs in the 
squamosal near the dorsal union of the zy¬ 
gomatic arch with the temporal crest. The 
glenoid fossa arises solely from the squa¬ 
mosal. It is flat dorsally, narrow and gently 
convex posteriorly, which more closely re¬ 
sembles that in S. tindalei than P. goliah. The 
ectotympanic arises medially at the alisphen¬ 
oid bulla and extends laterally as an expand¬ 
ing subangular thick-walled tube. A weak crest 


occurs on the posteroventral border of the 
ectotympanic. Anteriorly, a strong crest is 
continuous with the postglenoid process of 
the squamosal. There are two postglenoid fo¬ 
ramina. The long paroccipital processes curve 
gently lateromedially from the base of the 
exoccipitals to the level of the occlusal plane. 
They are buttressed anteromedially by the 
alisphenoid bulla and posterolaterally by the 
mastoid. The broad supraoccipital is flanked 
by the mastoid and abuts the exoccipital ven- 
trally. The wide ovate foramen magnum is 
flanked by broad occipital condyles. The ar¬ 
ticulating surfaces of the condyles are direct¬ 
ed more ventrally than in M. giganteus, which 










Fig. 11. Sthenurus tindalei, referred skull from 
B, palatal view; C, lateral view (reversed). 

closely approximate those in P. goliah . The 
single or double condylar foramen is close to 
the anterolateral lip of the condyles. 

The posterior lacerate foramen occurs on 
the medial aspect and at the base of the par- 
occipital process. It is surrounded anteriorly 


Lake Callabonna, AMNH 117493. A, Dorsal view; 


by the posteroventral wing of the alisphenoid 
and dorsally by the exoccipital. The basioc- 
cipital abuts the exoccipital posteriorly. Its 
forward extent in this specimen is concealed, 
along with the entocarotid canal, beneath the 
crushed remaining portion of the basisphe- 
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Fig. 12. Sthenurus tindalei, referred male skull fragments, AMNH 117491. A, Lateral view (reversed). 
Sthenurus andersoni, referred, anterior part of skull from Lake Callabonna, SAM PI3672. B, Lateral 
view of skull (reversed). 


noid. It appears to lack the prominent ventral 
keel of P. goliah and to be more like Simos- 
thenurus occidentalis or S. brownei in form. 

Only the crushed left anterolateral portion 
of the basioccipital is visible. It appears to 
form the medial border of a common fossa 
containing the petrosal, the opening to the 
eustachian canal, and presumably the me¬ 
dian lacerate foramen and posterior opening 
of the carotid canal. The opening to the pos- 
terodorsally directed foramen ovale lies at the 
medial aspect of the alisphenoid bulla. Por¬ 
tions of the left and right pterygoids remain 
attached to the pterygoid process of the pal¬ 
atine, indicating a deep pterygoid fossa. Their 
contact with the alisphenoid has been severed 
by distortion of the cranium. Ventrally, the 


palatine is pierced by the two large palatal 
vacuities separated and bounded posteriorly 
by thin transverse palatine bars. Dorsally, the 
palatine extends into the postorbital region 
of the skull. At its contact with the ventro¬ 
medial border of the orbit it abuts the large 
maxillary foramen, posterior to which it is 
perforated by the sphenopalatine and orbi- 
topalatine foramina. A similar condition ap¬ 
pears to prevail in S. tindalei (AMNH 117491, 
SIAM 35). Details of the postorbital portion 
of the palatine in the specimen of S. ander¬ 
soni have been obscured because of defor¬ 
mation of the skull. 

Upper Dentition (tables 2, 3, 5; figs. 13, 
15 A-H): The upper incisors of S. stirlingi are 
more robust and higher-crowned than those 
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of S. tindalei. They increase in size in the 
order 12 II 13. They form a V-shaped array 
as in S. andersoni , thereby differing from the 
more curved array of S. tindalei. 

II is subtriangular in section as in S. tin¬ 
dalei and S. andersoni. It extends anteriorly 
beyond the premaxilla, curving ventrally and 
medially. Its outer enamel surface protrudes 
below the occlusal plane of the remaining in¬ 
cisors. 

12, as in the other dolichocephalic sthen- 
urines, is much smaller than II. Its crown is 
subrectangular in section, with enamel re¬ 
stricted to the labial surface. 

13 is exceedingly large and robust, even in 
females (e.g., AMNH 117496). Its broad 
crown tapers to a point posteriorly. It is deep¬ 
ly grooved on the anterolingual surface, which 
produces a marked lingual ridge. The crown 
is surrounded by enamel. The 13 in S. tindalei 
is not as broad anteriorly and shows only 
a shallow groove on the anterolingual surface. 
There is no evidence of a groove in the sub- 
rectangular and well-worn 13 of S. andersoni. 

The P2 and Dp3 of S. stirlingi are repre¬ 
sented by broken teeth in the juvenile (AMNH 
117495), but enough remains to provide the 
following information on their morphology: 
The P2 is shorter than Dp3 or Ml, and like 
the P3, consists of two components, a labial 
crest composed of two compressed cusps 
joined into a linear ridge and a lower lingual 
crest that passes obliquely forward from the 
posterior end of the tooth to merge with the 
anterior cingulum. The occlusal outline is 
wedge-shaped. The valley enclosed by these 
crests is crossed by two low transverse ridges 
originating from the bases of the principal 
cusps of the labial crest. There is no poster- 
olabial cusp on the labial crest as in the P3. 
Dp3 is similar in all respects to Ml except 
that the protoloph is narrower than the me- 
taloph. 

The P3 of S. stirlingi is larger than that of 
S. tindalei, Simosthenurus pales, or P. goliah. 
Morphologically it is almost identical to that 
of S. tindalei. It is subtriangular in occlusal 
view, long, broad, and high-crowned (maxi¬ 
mum labial crown height, SAM P22533: 14.1 
mm). The labial crest is high and narrow and 
parallels the longitudinal axis of the tooth. A 
number of weak ridglets descend the labial 
side of the crown to the margin of the labial 


crest. The posteriormost of these ridglets is 
larger than the others and forms a postero- 
labial stylar cusp (Tedford, 1966: fig. 3). A 
similar feature occurs in the holotype of S. 
tindalei and in two of the three individuals 
of that species from Lake Callabonna in which 
the P3 is preserved. The labial and lingual 
crests enclose a deep median valley. The val¬ 
ley is bridged posteriorly by a strong trans¬ 
verse ridge ascending posteromedially from 
the labial ridge to the posterior end of the 
lingual crest, and anteriorly by a ridglet aris¬ 
ing from the anterior aspect of the lingual 
crest. As in S. tindalei, the lingual crest is 
lower than the labial crest and extends the 
full length of the tooth, curving posterola- 
bially to meet the labial crest and descending 
anteriorly to merge with the low anterior cin¬ 
gulum that crosses the anterior end of the 
labial crest as in S. tindalei. A number of 
transverse laminae arise from the lingual crest, 
but they do not bridge the median valley. 

The upper molars of S. stirlingi are high- 
crowned and morphologically similar to those 
of S. tindalei, although they are broader both 
absolutely and relative to length. The molars 
increase in length in the order Ml M4 M2 
M3. As in S. tindalei, the lingual and labial 
faces of the lophs are convex such that the 
enamel surface protrudes beyond the alveolar 
margins. The cheek tooth row is more strong¬ 
ly curved than in S. tindalei so that the lophs, 
when projected, converge lingually to a focus 
on the masseteric process of the opposite side. 
The posterior side of the V-shaped median 
valley is far steeper than the anterior side; the 
valley is closely labially by a bladelike crest 
(postparacrista) that arises below the apex of 
the paracone. The median valley deepens lin¬ 
gual to the weak midlink. The midlink arises 
from the central part of the protoloph and 
merges with the postprotocrista. A few low 
crenulations occur on the posterior surface of 
the protoloph at the midlink. Comparable 
structures are more numerous in S. tindalei 
and cover most of the posterior surface of the 
protoloph and metaloph. A well-developed 
anterior cingulum extends across the base of 
the protoloph, curving sharply posteriorly to 
join the crest of the protoloph at the para¬ 
cone. A low crest (posthypocrista of Flan¬ 
nery, 1983) arises from the apex of the meta- 
conule (“hypocone”) and curves dorsally in 




Fig. 13. Reconstructed skulls and rami of Sthenurus stirlingi and S. tindalei based on all available 
remains from Lake Callabonna. A, S. stirlingi lateral view of skull, lateral and occlusal view of ramus; 
B, S. tindalei lateral view of skull, lateral and occlusal view of ramus; C, S. stirlingi dorsal view left, S. 
tindalei dorsal view right; D, S. stirlingi posterior view left, S. tindalei posterior view right; E, S. stirlingi 
ventral view left, S. tindalei ventral view right. 
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Fig. 13. Continued. 


a gentle arc to the posterolabial base of the 
metaloph. This does not join the very weak 
postmetacrista. There is no postlink (sensu 
Flannery, 1983). All these features are similar 
to those in S. tindalei except that a distinct, 


but short, posterior cingulum occurs in that 
taxon. 

Lower Jaw (fig. 14): The body of the man¬ 
dible of S. stirlingi is long and slender; the 
ratio of the depth below anterior root m4 to 





Fig. 13. Continued. 


the total length ramus is 0.19, which is iden¬ 
tical to adult S. tindalei (0.19) and differs 
markedly from the browsing forms such as 
Simosthenurus occidentalis (0.25), Simos- 
thenurus brownei (0.30), and P. goliah (0.23). 
The symphysis extends posteriorly and ven- 
trally just beyond the single genial pit to a 
point below the posterior root of p3. The i3- 
p3 diastema is 34.0 mm, which is shorter 
relative to the length of the mandible (ratio 
of 0.16) than in S. tindalei (0.20), and shows 
greater affinities with brachycephalic forms 
such as P. goliah (0.16), S. brownei (0.18), 
and S. occidentalis (0.14). The large mental 
foramen is positioned anterior to p3 and just 


below the dorsal margin of the diastema. The 
buccinator muscle scar arises dorsoposterior 
to the mental foramen and extends as a shal¬ 
low groove posteroventrally to below the 
posterior root of ml. An anteriorly directed 
mandibular or posterior mental foramen 
(Tedford, 1966, 1967) lies in the midlateral 
aspect of the mandible below the posterior 
root of m2. The molar tooth row is more 
strongly convex labially than in S. tindalei , 
and the occlusal plane is rotated ventrolin- 
gually posteriorly and ventrolabially anteri¬ 
orly. The anterior root of the ascending ra¬ 
mus lies behind m4 as in S. tindalei and S. 
andersoni, a more posterior position than in 
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the adult brachycephalic sthenurines. The 
anterior edge of the ascending ramus forms 
a right angle with the horizontal axis of the 
mandible in the Callabonna taxa. The mas¬ 
seteric crest is strongly developed and ex¬ 
tends from the temporal ridge to the neck of 
the condyle, reaching as low as the level of 
the m4 alveolar margin where it forms the 
lateral border of the large elliptical masseteric 
foramen. The masseteric canal does not ap¬ 
pear to invade the body of the mandible, but 
lies adjacent to the inferior dental canal. The 
dorsal border of the large mandibular fora¬ 
men extends to the level of the occlusal plane 
of m4 and, unlike S. tindalei and S. ander- 
soni, is clearly visible above the ventral mar¬ 
gin of the masseteric crest. A long narrow 
digastric sulcus arises ventromedially below 
the posterior root of m3 and passes posteri¬ 
orly beneath the angle of the jaw. This sulcus 
is broader and shallower in S. tindalei and S. 
andersoni than in S. stirlingi. The digastric 
process forms a medially directed ventral lip 
of the digastric sulcus. The angular process 
arises from the posteromedial aspect of the 
mandible and sweeps dorsally in a smooth 
arc to a point below and posterior to the con¬ 
dyle. It encloses the broad and deep angular 
fossa that holds the pterygoid musculature. 
The articulating surface of the condyle is 
broad laterally, tapers medially, and is tilted 
anteromedially. Medially, the condyle of S. 
stirlingi bears a process that descends ante¬ 
riorly and merges with a crest, enclosing a 
fossa medial to the neck of the condyle. The 
crest, but no corresponding fossa, is found in 
S. tindalei. The height of the condyle above 
the ventral border of the ramus relative to 
the length of the jaw (ratio 0.54) is similar to 
that of S. tindalei (0.50) and differs from the 
more elevated position in brachycephalic 
forms such as P. goliah (0.82), S. brownei 
(0.68), and S. occidentalis (0.63). The tall 
bladelike coronoid process is deflected pos- 
teromedially and is curved posterodorsally at 
its distal end. 


Lower Dentition (tables 4, 5; figs. 13, 14, 

15I-N): The lower incisor of S. stirlingi lies 
at an angle between 30° and 40° to the axis 
of the mandible, similar to S. andersoni, Si- 
mosthenurus occidentalis, and Simosthenu- 
rus brownei and markedly different from the 
very procumbent 10-30° of S. tindalei. The 
long scalpriform crown is more similar in 
form and wear pattern to that of S. occiden¬ 
talis than that of S. tindalei. Enamel is absent 
on the lingual faces of the incisor in early wear 
in S. stirlingi as in other species of Sthenurus 
and Macropus. 

The p3 of S. stirlingi is proportionally a 
shorter and broader tooth than that of S. tin¬ 
dalei. It is high-crowned (maximum labial 
crown height, SAM P22533, SIAM 62: 11.5 
mm). The smooth lingual face of the crown 
is formed by a relatively straight lingual crest 
lying obliquely to the axis of the mandible 
and parallel with the sagittal plane. The labial 
crest descends anteriorly and joins the lingual 
crest at the anterior cusp. It is markedly con¬ 
vex labially over the posterior two thirds of 
the tooth. The labial and lingual crests en¬ 
close a broad median valley. Anteriorly, a 
small ridglet arises from the lingual crest and 
extends partway into the valley; posteriorly, 
the valley is obstructed by a medial eminence 
arising from a transverse ridglet. The poster¬ 
omedial opening of the median valley is a 
prominent feature of both S. stirlingi and S. 
tindalei. 

The high-crowned lower molars of S. stir¬ 
lingi are morphologically similar to those of 
5. tindalei. They are much broader relative 
to length than those of Simosthenurus occi¬ 
dentalis, S. brownei, S. pales, or P. goliah. 
They increase in size in the order ml m4 m2 
m3 and are all essentially similar in structure. 
They have nearly straight lophids with con¬ 
vex labial and lingual surfaces that protrude 
beyond the alveolar margin. As in the upper 
molars, the lophids of the lower molars of S. 
stirlingi converge slightly medially in contrast 
with the parallel lophids of S. tindalei. A broad 


Fig. 14. Lower jaws of Sthenurus stirlingi, A, holotype, SAM P22533 (reversed); S. tindalei, B, male, 
AMNH 117499, and C, female, AMNH 117493 (reversed); and S. andersoni D, SAM PI3672. (All to 
same scales as corresponding skulls, figs. 10-12.) 
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Fig. 15. Continued. 


anterior cingulum extends from near the lin¬ 
gual base of the protolophid to the midline 
of the tooth where it is intersected by a nar¬ 
row forelink; labial of the forelink it forms a 
broad shelf that tapers and curves ventrally 
to the anterolabial comer of the lophid. The 
forelink, although weak, forms a sharp crest 
that originates medially and ventrally of the 
protoconid, arching lingually and ventrally to 
cross the anterior cingulum in the midline of 


the tooth. There is no premetacristid, a fea¬ 
ture also lacking in S. tindalei and weakly 
developed in S. andersoni. A weak midlink 
arises just below the crest of the hypolophid 
labial to the midline and descends to meet 
the posterior face of the protolophid in the 
midline of the tooth. A low posterior cin¬ 
gulum extends across the base of the crown. 
As in S. tindalei, no crenulations can be de¬ 
tected on the anterior faces of the lophids. 


Fig. 15. Upper dentitions, occlusal and lateral views. Sthenurus stirlingi, A, E, SAM P22533; S. 
tindalei, B, F, holotype, SAM PI38201, C, G, AMNH 117499, and D, H, AMNH 117493 (reversed). 
Lower dentitions, occlusal and lateral views. Sthenurus stirlingi, I, L, holotype, SAM P22533; S. tindalei, 
J, M, AMNH 117499, and K, N, AMNH 117493 (reversed). 
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Atlas (table 6; fig. 16A-D): Atlas verte¬ 
brae of 5. stirlingi (SAM P22533, AMNH 
117496) and S. tindalei (AMNH 117493) are 
compared with those of M. gigantens (AMNH 
2390). The vertebrae of both sthenurine spe¬ 
cies are similar in form and size in the females 
of S. stirlingi (AMNH 117496) and S. stir¬ 
lingi (AMNH 117493). They are proportion¬ 
ally shorter, broader, and more dorsoven- 
trally flattened than in M. giganteus. Unlike 
adult Macropus , the ventral arch is not closed 
by the neurapophyses as they extend only 
marginally beyond the medial border of the 
condylar cusps. The diapophyses are ex¬ 
panded at their distal ends; they are more 
robust in S. stirlingi and S. tindalei (even in 
females) than in Macropus and are deflected 
more caudally. 

Axis (table 6; fig. 16E-I): Only the caudal 
portions of the neural arch and the left pleu- 
rapophysis are missing from the male S. stir¬ 
lingi axis (SAM P22533). An axis of a female 
(AMNH 117496) lacks parts of the neural 
arch and both pleurapophyses. The female S. 
tindalei axis (AMNH 117493) comprises a 
centrum and odontoid process, but a male 
(AMNH 117499) lacks only the anterior pro¬ 


cess of the neural arch and the right zyg- 
apophysis and pleurapophysis. The neural 
arch in S. stirlingi , which is thickened ante¬ 
riorly and tapers posteriorly, is proportion¬ 
ally higher and narrower, with the apex rising 
more steeply posteriorly than in M. gigan¬ 
teus. The neural arch does not extend as far 
over the cranial and caudal articular surfaces 
of the vertebral body as it does in M. gigan¬ 
teus. The slender pleurapophyses extend more 
laterally and caudally than in M. giganteus. 
The large prezygapophyses completely cover 
the forepart of the centrum on either side of 
the relatively broad odontoid process. The 
axis in S. tindalei suggests a similar mor¬ 
phology to that of S. stirlingi , differing only 
in the slightly shallower and more elongate 
centrum and larger prezygapophyses. 

Cervical Vertebrae (table 7; fig. 17): Cer¬ 
vical vertebrae 3-7 are present in S. stirlingi 
(SAM P22533). Only the 5th and 7th cervical 
vertebrae (AMNH 117491 and AMNH 
117499, respectively) are preserved in S. tin¬ 
dalei. Fragmentary 5th and 6th, and nearly 
complete 7th of S. andersoni (SAM PI 3673) 
are available. These vertebrae, with their re¬ 
markably short, almost platycoelous centra 
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Fig. 15. Continued. 


and their slender neural spines, are similar 
to those of P. goliah (Tedford, 1967: fig. 22). 
They are easily distinguishable from the long, 
procoelous, low-crested cervicals of Macro¬ 
pus species. The resulting cervical column is 
relatively short, as in the rat-kangaroo ( Bet- 
tongia sp.). The neural arch is narrow and 
vaulted, enclosing an almost triangular neu¬ 
ral canal. The neural spines are relatively short 
and slender. The spine of cervical 3 is the 
highest, with gradual decreasing height to cer¬ 
vical 7. The more robust neural spines of 
cervicals 3 and 5 have slightly inflated rugose 
areas on the posterior aspect of the apex that 
serve as sites of attachment for the supras¬ 
pinous ligaments. 

The pleurapophyses are long and slender; 
those of cervicals 3, 4, and 5 are deflected 
caudally, whereas those of cervicals 6 and 7 
project laterally, almost at right angles to the 
sagittal plane. Weak parapophyses extend an¬ 
teriorly as narrow flanges from the base of 


the pleurapophyses of cervical 5 and develop 
into large oval rugosities on cervical 6. They 
are absent from cervicals 3, 4, and 7. The 6th 
cervical vertebra of S. tindalei is essentially 
similar in form to that of S. stirlingi, but, as 
with the axis of this species, the centrum is 
slightly shallower and not as wide. The 5th, 
6th, and 7th cervical vertebrae of S. ander- 
soni are essentially similar to those of S. stir¬ 
lingi and S. tindalei, differing only in the 
knoblike form of the distal pleurapophysial 
processes of the 7th cervical vertebra. 

Thoracic Vertebrae (table 8; figs. 18,19): 
Thoracic vertebrae numbers 1-4 and frag¬ 
ments of 11 and 12 (SAM P22533), 1, 2, and 
5 (AMNH 117496), and 5 (AMNH 117494) 
represent S. stirlingi. Vertebrae 4-8 and 10- 
13 (AMNH 117493) and 4-6, 9, and 13 
(AMNH 117499) represent S. tindalei. Most 
are complete but for the tips of the neural 
spines. S. andersoni is represented by a com¬ 
plete 1 st thoracic and fragmentary centra of 
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Fig. 16. Comparative anterior and lateral views of the atlas (left) and axis (right) vertebrae, respec¬ 
tively, of Sthenurus stirlingi, A, E, holotype, SAM P22533 (reversed), and B, F, AMNH 117496; S. 
tindalei, G, AMNH 117499, C, AMNH 117493 (reversed), and H, AMNH 117493; and Macropus 
giganteus, D, I, AMNH 2390. 


2-4 and 6-8. As in P. goliah (but unlike M. 
giganteus ), the thoracic centra of all three 
sthenurine species are short and deep and 
very slightly opisthocoelous. Similarly, the 
centra of the 1st and 2nd thoracics lack the 
midventral keel of M. giganteus. The pre- 
and postzygapophyses are relatively small 
compared with those of M. giganteus. The 
neural spines, where preserved, are propor¬ 
tionally similar in height to those of M. gi¬ 


ganteus, but do not taper distally. As in the 
latter species, the neural spine of the 2nd tho¬ 
racic vertebra in S. stirlingi (SAM 22533) is 
the tallest. In all preserved thoracic vertebrae, 
both the anterior and posterior aspects of the 
base of the neural arches are deeply excavated 
where they attach to the axial musculature, 
similar to those described for P. goliah (Ted- 
ford, 1967). The thoracic vertebrae of S. stir¬ 
lingi may be distinguished from those of S. 
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Fig. 17. Comparative anterior and lateral views 
of the 7th cervical vertebra of Sthenurus stirlingi, 
A, holotype, SAM P22533; 5. tindalei, B, AMNH 
117499; S. andersoni, C, SAM PI3673 (reversed); 
and Macropus giganteus , D, AMNH 2390. 


tindalei based not only on size but also by 
the more posteriorly directed neural spines. 
This posterior declination is also pronounced 
on the 1st thoracic, the only spine preserved 
in S. andersoni. A short, broad metapophysis 
first appears on the 11th thoracic or anticlinal 
vertebra in Macropus. Indeed, in Macropus 
species, the anticlinal vertebrae are easily dis¬ 
tinguished by the reinforcement of the pre- 
zygapophysial process by the adjacent me¬ 
tapophysis to provide a buttress against 
posterior movement of the proceeding post- 
zygapophysis. In M. giganteus and M. rufa, 
the anticlinal vertebrae were thoracics 10 and 
11; in M. robustus, they were 9 and 10. The 
anticlinal vertebra is the 2nd lumbar in S. 
stirlingi and the 1st lumbar in S. tindalei. In 
neither case is there any modification of the 
zygapophyses (as seen in Macropus species). 


In these sthenurines, metapophyses first ap¬ 
pear on the 11th thoracic and increase dra¬ 
matically in size in both the 12th (SAM 22533; 
AMNH 117493) and 13th (AMNH 117493) 
thoracics. There is no caudal costal fovea and 
only a very small cranial one on the 13th 
thoracic vertebra (AMNH 117493). Beyond 
the 4th thoracic the transverse processes are 
short, blunt, and rounded; they also lack the 
well-developed rim to the costal fovea that 
occurs in M. giganteus. 

Lumbar Vertebrae (table 9; fig. 20): 
Matching the articular surfaces of the centra 
suggests the presence of six lumbar vertebrae 
in both sthenurine species. Lumbars 1-4 and 
6 (SAM P22533) and centra of 4 and 6 
(AMNH 117496) are present in S. stirlingi , 
1, 2, and 4-6 (AMNH 117493) in 5. tindalei, 
and centra of 2-6 in S. andersoni. The lumbar 
series of both sthenurine species are mor¬ 
phologically similar in their almost platycoe- 
lous centra; they differ markedly from those 
of Macropus in the vestigial nature of the 
diapophyses and almost total absence of an- 
apophyses. The exceedingly long metapo¬ 
physes are deflected more medially than in 
M. giganteus and they do not show the marked 
serial reduction in size passing posteriorly. 
Sufficient neural spine is preserved in the 6th 
lumbar of S. stirlingi to indicate a reduction 
in size over those preceding it. A foreshort¬ 
ening of the ventral border of the 2nd lumbar 
vertebra in S. stirlingi is responsible for arch¬ 
ing of the backbone about this point. This is 
considered the anticlinal vertebra, although 
the neural spine is deflected caudally, as oc¬ 
curs in all lumbar vertebrae of this species. 
In S. tindalei, the lumbar vertebrae form a 
gentle arc and there is no distinctive bend at 
the 2nd lumbar, as in S. stirlingi. Further¬ 
more, the neural spines (except the 6th) ap¬ 
pear to extend approximately at right angles 
to the axis of the centrum. In S. andersoni, 
the lumbar series forms a gentle arc, as in S. 
tindalei. The neural arch, pre- and postzy- 
gapophyses, and proximal fragments of the 
diapophyses are preserved only on lumbar 3; 
they are similar in form to those of S. stir¬ 
lingi. 

In the three sthenurine species, the pro¬ 
portionally longest centrum occurs at the 4th 
lumbar vertebra. The arc formed by the axes 
of the distal lumbar centra is not continuous 



44 


BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY 


NO. 225 


with the axes of the centra of the sacrum, as 
in M. giganteus (fig. 36). 

Sacrum (fig. 21): The sacrum of S. tindalei 
(AMNH 117493) consists of two fused pla- 
tycoelous vertebrae as in S. stirlingi (AMNH 
117496) and S. andersoni. The sacrum is rel¬ 
atively broader and shorter than in M. gi¬ 
ganteus. In S. stirlingi and S. tindalei both 
the pre- and postzygapophyses are propor¬ 
tionally smaller and more widely spaced than 
in M. giganteus. These structures are not pre¬ 
served in the S. andersoni specimen. Only 
the damaged bases of the neural spines re¬ 
main in the two larger species; these are pro¬ 
portionally shorter than in Macropus. The 
large sacroiliac connection in S. stirlingi and 
S. tindalei extends more dorsally and its an¬ 
terior edge is inclined more steeply (75°) to 
the axis of the sacrum than in M. giganteus 
or S. andersoni (45°). This may be a function 
of size, as similar changes in proportion were 
observed in larger richochetal rodents (Hatt, 
1932). 

The sacrum of S. stirlingi is similar to that 
of S. tindalei, but the caudally deflected neu¬ 
ral spine of the 6th lumbar suggests a more 
rigid sacrolumbar connection in the former 
species than in either S. tindalei or M. gi¬ 
ganteus due to the closer juxtaposition of the 
adjacent neural spines. In S. tindalei the neu¬ 
ral spine of the 6th lumbar is deflected more 
anteriorly than in S. Stirlingi; in combination 
with the relatively reduced metapophyses, it 
suggests a more flexible sacrolumbar liga¬ 
mentous connection in this species. 

Caudal Vertebrae (table 10; fig. 22): 
Caudal vertebrae 3-14 (AMNH P22533) and 
1-7 and ?12 (AMNH 117496) represent 5. 
stirlingi, and 2-5, 7-16, and ?20 (AMNH 
117493) represent S. tindalei. Vertebrae 1- 
17 of 5. andersoni were recovered. In both 
large sthenurine species the centra increase 
in length up to the 9th caudal, beyond which 
they decrease to the tip of the tail; however, 


Fig. 18. Comparative anterior and lateral views 
of the first thoracic vertebra of Sthenurus stirlingi, 
A, holotype, SAM P22533, and B, AMNH 117496 
(reversed); S. tindalei, C, AMNH 117499; S. an¬ 
dersoni, D, SAM PI3673; and Macropus gigan¬ 
teus, E, AMNH 2390. 
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Fig. 19. Comparative anterior and lateral views of the 4th (A-C) and 12th (D-F) thoracic vertebrae 
of Sthenurus stirlingi, A, holotype, SAM P22533 (reversed); S. tindalei, B, AMNH 117499; Macropus 
giganteus, C, AMNH 2390; Sthenurus stirlingi, D, holotype, SAM P22533; S. tindalei, E, AMNH 117493 
(reversed); and Macropus giganteus, F, AMNH 2390. 


in the smaller S. andersoni, the 6th caudal is 
the largest. In S. stirlingi the caudal centra 
have proportionally greater dorsoventral di¬ 
ameters than in the other macropodid species 
examined. Prezygapophyses project anteri¬ 
orly from the metapophyses of the first five 
caudal vertebrae as in M. giganteus. The neu¬ 
ral arches are short and broad, and, like P. 
goliah (Tedford, 1967), lack a neural spine 
and have rugose areas both anteriorly and 
posteriorly for insertion of the axial muscu¬ 
lature. The first five caudals are similar in 
both large sthenurine species and are easily 
distinguished from those of Macropus by their 
relatively short centra and distinctive dia¬ 
pophyses. The diapophysis of the 1st caudal 
(AMNH 117496) of S. stirlingi and S. an¬ 


dersoni extends the full width of the centrum 
and projects posterolaterally as a ventrally 
deflected slender spine. The diapophysis of 
the 2nd caudal in the larger species, as well 
as that of the smaller S. andersoni, arises just 
posterior to the anterior edge of the centrum, 
extends to the posterior edge, and projects 
laterally and ventrally. Distally, the tip is de¬ 
flected ventrally and in the larger species car¬ 
ries a large anteriorly directed, transverse 
dorsal facet. The diapophysis of the 3rd cau¬ 
dal in S. stirlingi and S. tindalei, which is 
slightly narrower than that of the 2nd, sweeps 
posterolaterally to terminate in an expanded 
posteroventrally deflected process similar to 
that of M. giganteus. Only the proximal por¬ 
tions of these vertebrae are preserved in S. 
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andersoni. The diapophysis of the 4th caudal 
in the larger species is essentially similar to 
that of M. giganteus, whereas that of the 5th 
sweeps posterolaterally to terminate in a small 
transverse process, rather than in a lateral 
one. The diapophyses of the 4th and 5th cau- 
dals are not preserved in S. andersoni. All 
caudals beyond the 5th are similar to those 
of M. giganteus, differing only in the relative 
length of the centra and the slightly shorter 
and more laterally deflected metapophyses. 

Chevrons (fig. 23): The distinctive chev¬ 
rons of the 1st to 2nd (SAM P22533, AMNH 
117496), 2nd to 3rd (AMNH 117496) 5th to 
6th, 6th to 7th, and 7th to 8th (SAM 22533) 
caudals of S. stirlingi are available. Of the 
remaining caudal series, five chevrons for 
SAM P22533 and three chevrons for AMNH 
117496 were recovered for S. stirlingi, eight 
(AMNH 117493) for 5. tindalei, and three 
for S. andersoni. They are morphologically 
similar, differing from those of M. giganteus 
in their relatively greater depth to width and 
the reduced nature of the hemal spines. 

Tail Integument: Associated with the 
partially articulated caudal vertebrae of S. 
stirlingi (AMNH 117497) were fragments of 
skin impressions in light blue-gray micro¬ 
crystalline gypsum about 1-2 mm thick. The 
impressions originally formed a sheath about 
the tail, but when excavated were found to 
be broken and disoriented in situ, suggesting 
their formation soon after burial, with dis¬ 
turbance occurring during bioturbation of the 
sediments. The thinner skin impressions pre¬ 
serve the best surface detail, including the 
pattern of squamation and unfilled holes that 
represent hairs. This allows the morphology 
of the skin surface to be described. Impres¬ 
sions of the skin surface reveal imbricate rows 
of scales, roughly rectangular in shape (2.5- 
3.5 mm long and 1.5-1.8 mm wide), appar¬ 
ently forming annulations encircling the tail. 
Hairs, all of similar diameters, were bundled 
in units of three to six and protruded between 
the rows of scaly annulations. A few impres¬ 
sions of the shafts of the tail hairs themselves 
indicate lengths of more than 32 mm. 

Direct comparison in the field between 
these impressions and the surface of the cau¬ 
dal skin of a red kangaroo ( Megaleia rufa ) 
showed close correspondence in all respects. 
This observation is reinforced by Semichon’s 


(1926) study of the caudal skin of the same 
living taxon. The hair bundles do not con¬ 
sistently include a larger central follicle, at 
least at the surface, as Hardy (1947) also ob¬ 
served in Macropus giganteus and as seen in 
Semichon’s description of the red kangaroo. 
Judging from the long (“guard”) hair im¬ 
pressions, the tail may have had a relatively 
long coat more comparable to the euro kan¬ 
garoo ( Osphranter robustus ) than the red kan¬ 
garoo. 

Ribs: Thirteen ribs from the right side of 
the holotype of S. stirlingi (SAM P22533) are 
nearly complete; only the distal ends of the 
11th and 12th ribs are broken away. The rib 
cage in S. tindalei is less well represented, but 
for AMNH 117493 parts of the 1-4, 6-11, 
and 13 have been identified, and for AMNH 
117499 a complete 1st rib and parts of ribs 
2, 4, 6, and 12 have been identified. The 1st 
rib is a short, massive bone whose propor¬ 
tions are much like those of Macropus gi¬ 
ganteus. The capitulum is relatively small and 
flattened dorsally, rather than being hemi¬ 
spherical as in Macropus, and the tuberculum 
is also relatively small and narrow and more 
cyclindrical in form. The succeeding ribs in 
Sthenurus have more anteroposteriorly flat¬ 
tened bodies than in Macropus, the capitula 
bear flat epiphyses, and the tubercula are rel¬ 
atively smaller throughout, even on the 13th 
rib. The ribs also have rather flat facets con¬ 
fined to the dorsal margin and lack the groove 
that occurs around the anterior margin of the 
tuberculum in Macropus. The sulcus that oc¬ 
curs on the posterior surface of the neck in 
Macropus is very shallow or lacking in the 
sthenurines compared here. In all these fea¬ 
tures the ribs resemble those of Procoptodon 
goliah as described by Tedford (1967). 

Clavicle and Sternebrae (fig. 24): Com¬ 
pete clavicles are present for S. stirlingi (SAM 
P22533; AMNH 117496) and 5. tindalei 
(AMNH 117493) in addition to specimens 
(AMNH 117481, SIAM 35; AMNH 117499, 
SIAM 84) of the latter species showing the 
lateral end of most of the shaft. The sthen- 
urine clavicles are more robust that those of 
M. giganteus ; they are ovoid in cross section, 
whereas those of M. giganteus tend to be more 
flattened and straplike. In both the sthenu¬ 
rines and M. giganteus the anterior third of 
the clavicle is moderately convex at the ster- 




Fig. 20. Comparative anterior and lateral views of the 2nd (A-C) and 4th (D-F) lumbar vertebrae 
of Sthenurus stirlingi, A, holotype, SAM P22533 (reversed); S. tindalei, B, AMNH 117493; Macropus 
giganteus, C, AMNH 2390; Sthenurus stirlingi, D, holotype, SAM P22533; S. tindalei, E, AMNH 117493 
(reversed); and Macropus giganteus, F, AMNH 2390. 


nal end. In contrast, the lateral two thirds of 
the sthenurine clavicle is more markedly con¬ 
cave forward than in M. giganteus, thereby 
allowing passage over the coracoid process of 
the scapula during elevation of the forearm. 
Indeed, in general form, the sthenurine clav¬ 


icles more closely resemble those of man than 
those of M. giganteus. Within the sthenurines 
the differences between species are more sub¬ 
tle. The degree of curvature of the lateral two 
thirds of the clavicle is greater in S. tindalei 
than in S. stirlingi. 
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A pronounced tubercle on the apex of the 
concave inferior surface of the sthenurine 
clavicle marks the point of attachment of the 
coronoid portion of the coracoclavicular lig¬ 
ament. This tubercle is more pronounced in 
S. stirlingi than in S. tindalei . Although the 
sample is small, S. stirlingi clavicles are larger 
than those of S. tindalei. We attribute the 
differences in size within the species sample 
to sexual dimorphism, which is more clearly 
evident in other elements of the forelimb. 

The six elements of the sternal column are 
fully represented in the holotype of S. stirlingi 
(SAM P22533). A manubrium of a female 
(AMNH 117496) and a partial 4th and com¬ 
plete 5th stemebrae of a male (AMNH 
117498) are also attributed to this species. 
Most of the sternal column of S. tindalei is 
present in AMNH 117493 (only the xiphi- 
stemum is missing) and a large 2nd steme¬ 
brae (AMNH 117499) of a male is also avail¬ 
able. Fragments of much of the sternal column 
are represented in the S. andersoni skeleton. 
The elongate and slender proportions of the 
elements of the sternum of S. andersoni ap¬ 
pear rather like those of M. giganteus', even 
the manubrium has a long shaft posterior to 
the anterior costal articulations. In decided 
contrast to these species, S. stirlingi and S. 
tindalei are similar in having short and robust 
stemebrae and a correspondingly short-shaft¬ 
ed, shieldlike manubrium resembling that of 
man. The manubrium of S. tindalei is not 
laterally expanded across the anterior costal 
articulations as in the comparable sized S. 
stirlingi (e.g., AMNH 117496). The 5th ster- 
nebra in these sthenurines also differs from 
M. giganteus in the close approximation of 
the costal articulations for the 6th and 7th 
ribs and consequent lateral expansion of this 
bone across its posterior end. The xiphister- 
num of S. stirlingi is elongate and more like 
that of Macropus than the other stemebrae 
of this taxon. Its posterior end expands into 
a fanlike termination as in Macropus. 

Scapula (table 11; fig. 25): Right and left 
scapulae of the holotype (SAM P22533), an 
almost complete left scapula (AMNH 
117496), and a nearly complete right scapula 
(AMNH 117495) are available for S. stirlingi. 
Proximal right and left fragments (AMNH 
117493) and a nearly complete left scapula 
(AMNH 117499) of S. tindalei were recov¬ 


ered. Only the proximal portion of the left 
scapula and acromion process is preserved in 
the S. andersoni specimen. S. stirlingi scap¬ 
ulae have sustained some damage to the ver¬ 
tebral borders; still, sufficient material is 
present to estimate the extent of the fossae. 
In S. stirlingi and S. tindalei the supraspinous 
fossa is small (ratio of supra/infraspinous area 
= 0.3) relative to that in M. giganteus (ratio 
= 0.4). The ratio of the total area of the scap¬ 
ula to the length of the humerus is similar in 
the holotype male S. stirlingi and M. gigan¬ 
teus, while a lower ratio for the female 
(AMNH 117496) is indicative of a relatively 
smaller scapula. The scapular notch is deep 
in all the sthenurine species. It reaches to the 
base of the acromion process as in P. goliah. 
The scapular spine extends from the acro¬ 
mion process in a gentle arc to merge with 
the blade approximately two thirds the dis¬ 
tance to the vertebral border from the glenoid 
cavity. The acromion process is relatively 
more robust than in M. giganteus. The distal 
process of the acromion is flared laterally and 
rotated more medially than in M. giganteus. 
The coracoid process is much more robust 
than in Macropus, but not as robust as in P. 
goliah , it extends beyond the margin of the 
glenoid cavity, from which it is separated by 
a deep groove. The glenoid cavity is more 
narrow and shallow than in M. giganteus, 
tapering to a point behind the coracoid pro¬ 
cess. A rugose area on the caudal border op¬ 
posite the base of the acromion marks the 
possible insertion of the long head of the tri¬ 
ceps branchii. In S. andersoni, the coracoid 
process, glenoid cavity, and distal portion of 
the acromium are similar to those of the larg¬ 
er sthenurines. The subscapular fossa forms 
a large ovoid depressed area bisected by a 
low median rise and bounded by the caudal 
and cranial borders of the blade. 

Humerus (table 11; fig. 26): The right and 
left humeri of the holotype (SAM P22533), 
a crushed left humerus (AMNH 117496), and 
distal end of a right humerus (AMNH 117498) 
of S. stirlingi are present. Both right and left 
humeri of S. andersoni and two left humeri 
(AMNH 117493 and 117499) of S. tindalei 
are available for comparison. The total length 
of the humerus in S. tindalei and S. andersoni 
bears the same relationship to length of tibia 
as in M. giganteus ; in S. stirlingi, the humerus 
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Fig. 21. Comparative anterior and lateral views of the sacrum of Sthenurus stirlingi, A, AMNH 
117496; S. tindalei, B, AMNH 117493 (reversed); and Macropus giganteus, C, AMNH 2390. 


is 12% longer than that in M. giganteus. The 
minimum cross-sectional area relative to shaft 
length is largest in M. giganteus, decreasing 
in the order S. stirlingi, S. tindalei, S. an- 
dersoni. 

Viewed from the anteroposterior aspect, 
the proximal portion of the shaft is deflected 
more medially than in M. giganteus. In S. 
tindalei and S. andersoni the shaft is almost 
straight. Similarly, when viewed from the lat¬ 
eral aspect, the distal portion of the shaft in 
the sthenurines is deflected more anteriorly 
than in M. giganteus. 

As in P. goliah, the lesser tuberosity in the 
sthenurine species is relatively smaller than 
in M. giganteus, and the radius of curvature 


of the head is slightly larger. The pectoral 
crest, although longer, is less well developed 
in P. goliah and the sthenurines compared 
here than it is in M. giganteus. Compared 
with M. giganteus, the deltoid crest is rela¬ 
tively larger in S. stirlingi and relatively 
smaller in S. tindalei and S. andersoni. In S. 
stirlingi, the elongate teres tuberosity is sur¬ 
rounded by a rugose area and is therefore a 
rather more prominent feature than in M. 
giganteus ; it is weakly developed in S. tin¬ 
dalei and S. andersoni. 

In these sthenurines the distal end of the 
humerus is more medially and laterally flared 
than in M. giganteus. The lateral supracon¬ 
dylar ridge is narrower in the sthenurines than 
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Fig. 22. Comparative anterior and lateral views of the 5th (A-D) and 9th (E-H) caudal vertebrae 
of Sthenurus stirlingi, A, holotype, SAM P22533 (reversed); S. tindalei, B, AMNH 117493 (reversed); 
S. andersoni, C, SAM PI3673 (reversed); Macropus giganteus, D, AMNH 2390; Sthenurus stirlingi, E, 
holotype, SAM P22533 (reversed); S. tindalei, F, AMNH 117493 (reversed); S. andersoni, G, SAM 
PI3673; and Macropus giganteus, H, AMNH 2390. 


in M. giganteus, but the epicondyles are larg¬ 
er and more robust. The olecranon fossa is 
broader and shallower than in M. giganteus. 

Ulna and Radius (tables 11, 12; fig. 27, 
28): Left and right ulnae of S. stirlingi (SAM 
P22533; AMNH 117496) are available. Left 
and right ulnae of AMNH 117493, left ulnae 
of 5. tindalei (AMNH 117491 and 117499), 
and the left and right ulnae of S. andersoni 
are preserved. The ulna of S. stirlingi, al¬ 
though of similar length to that of M. gigan¬ 
teus, is more sharply curved and has a greater 
anteroposterior width along the full length of 
the shaft. The olecranon is similar in length 
to Macropus, but is not as wide. The semi¬ 
lunar notch, although narrower transversely, 
opens distally onto a much broader and more 
medially projecting coronoid facet than in M. 


giganteus. This articulation with the humerus 
and radius would appear to allow more pro¬ 
nation and supination of the forearm, yet re¬ 
strict flexion and extension of the ulna about 
the humerus to approximately 65°; however, 
in M. giganteus the movement on the elbow 
joint is approximately 80°. The semilunar 
notch is more narrow and open in S. tindalei 
and S. andersoni than in S. stirlingi and is 
restricted to the lateral side of the shaft while 
its excursion about the humerus extends to 
approximately 90°. An elongate rugose area, 
which extends distally from the front of the 
coronoid process, marks the site of insertion 
of the m. brachialis and the gleno-ulnar di¬ 
vision of the m. biceps brachii. The sharp 
interosseous ridge found on the lateral side 
of the shaft in M. giganteus is confined to the 
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Fig. 23. Comparative anterior and lateral views of chevron bones 1/2 (A-C), 2/3 (D, E), 5/6 (F, G), 
6/7 (H, I), and 7/8 (J, K). Sthenurus stirlingi, A, F, H (reversed), J (reversed), holotype, SAM P22533, 
and B, AMNH 117496; 5. tindalei, D, AMNH 117493; and Macropus giganteus , C, E, G, I, K, AMNH 
2390. 


anterior edge of the shaft in S. stirlingi and 
S. tindalei and is weakly expressed in S. an- 
dersoni. The styloid process is a larger struc¬ 
ture in the sthenurines and it extends more 
distally than in M. giganteus. 

Both radii are available for the holotype of 
S. stirlingi (SAM P22533) as well as the fe¬ 
male (AMNH 117496) of the same species. 
Only the somewhat distorted right ulna, which 
lacks epiphyses of AMNH 117493 repre¬ 
senting S. tindalei, is available for compari¬ 
son. Sthenurus andersoni is represented by a 
nearly complete, but crushed, left radius and 
the better preserved distal half of the right 
radius. The cross-sectional area of the mid¬ 
shaft is proportionally greater in the three 
sthenurine species than in M. giganteus. The 
shaft is oval to subquadrilateral for most of 
its length. The neck is relatively longer than 
in M. giganteus and is capped by a shallow 
discoid capitulum. Distally, the shaft is flat¬ 


tened at its articulation with the ulna. A shal¬ 
low groove just proximal of midshaft is pos¬ 
sibly the site of insertion of the M. pronator 
teres tendon. The styloid process of the distal 
epiphysis is not as strongly developed as in 
M. giganteus. The radii of S. tindalei and S. 
andersoni have a shorter neck but are oth¬ 
erwise similar in form to those of S. stirlingi. 

Manus (tables 13-17; fig. 29): Right and 
left forefeet of the holotype of S. stirlingi were 
recovered; the right forefoot lacks the scaph¬ 
oid, trapezoid, trapezium, distal epiphysis of 
metatarsal II, proximal phalanx of digit II, 
medial phalanx of digit IV, and all of digit 
V; the left forefoot lacks the pisiform, cu¬ 
neiform, scaphoid, trapezoid, trapezium, and 
medial and distal phalanges of digit V and 
the distal portion of the proximal phalanx of 
digit III. A more complete left manus of a 
female of S. stirlingi (AMNH 117496) lacks 
only the ungual of the hallux. Also available 
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Fig. 24. Comparative views of the clavicles (A-D, dorsal [left] and anterior [right] views) and ma- 
nubria (E-H, ventral view) of Sthenurus stirlingi, holotype, A, SAM P22533 (reversed), and B, AMNH 
117496; S. tindalei, C, AMNH 117493; Macropus giganteus, D, AMNH 2390; Sthenurus stirlingi, E, 
holotype, SAM P22533, and F, AMNH 117496; S. tindalei, G, AMNH 117493; and Macropus giganteus, 
H, AMNH 2390. 


are a partial left and right manus of S. an- 
dersoni and a partial left and right manus 
(AMNH 117493) and partial right manus 
(AMNH 117491) of 5. tindalei. 

The forefeet of S. stirlingi, S. tindalei, and 
S. andersoni differ markedly from those of 
M. giganteus in the pronounced elongation 
of digits II, III, and IV, particularly the met- 
acarpals and unguals relative to the width of 
the carpal arch. The digital formula for both 
S. stirlingi and S. tindalei is III IIIV V I and 
would appear to be similar to S. andersoni. 
It is identical with the bandicoots ( Isoodon 
obesulus, Macrotis lagotis) and the rat kan¬ 
garoos ( Bettongia lesuerui, B. gaimardi). The 
articular surfaces of the carpus are more flat¬ 
tened in the sthenurine species than in Ma¬ 
cropus, which restricts flexion of the wrist and 
increases its strength. This flattening may re¬ 
flect the increased stresses placed on this joint 
by the elongation of the central digits. 

The left carpus of S . stirlingi (AMNH 
117496) is complete, and a comparison of 
the homologous elements in S. tindalei and 


S. andersoni indicates a similar morphology. 
The proximal row is composed of three ele¬ 
ments: the scapholunar, the cuneiform, and 
sesamoid, the pisiform. The styloid process 
of the ulna rotates in a cavity formed exclu¬ 
sively by the cuneiform. The scapholunar ar¬ 
ticulates with five bones as in Macropus, viz. 
the radius, unciform, magnum, trapezoid, and 
trapezium. In M. giganteus the radial artic¬ 
ular surface is evenly distributed in an arc 
across the anterior and posterior surface of 
the proximal aspect of the scapholunar. In 
these sthenurines the articular surface is more 
gently curved and confined to the proximal 
aspect of the scapholunar, thereby greatly 
limiting the extent of flexion with the radius. 
Distally, the scapholunar articulates with the 
trapezium, trapezoid, and magnum and the 
medial aspect of the unciform. The distal row 
of carpals comprises the trapezium, trape¬ 
zoid, magnum, and unciform. Difficulty was 
experienced in determining the form of the 
trapezium. Small facets of the proximal as¬ 
pect of metacarpal I and a groove in the distal 
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surface of the scapholunar give some indi¬ 
cation of the form of the trapezium. A small 
cone-shaped bone bearing the required, albeit 
indistinct, facets has been identified as the 
trapezium in S. stirlingi (AMNH 117496). It 
is relatively much smaller than the trapezium 
in M. giganteus, reflecting the reduction in 
size of digit I. It wedges between the scapho¬ 
lunar and metacarpal I. The trapezoid is a 
small wedge-shaped bone similar in size to 
that in M. giganteus. It inserts in the articular 
groove in the proximal end of metacarpal II 
and articulates laterally with the magnum, 
medially with the trapezium, and proximally 
with the scapholunar. The magnum is more 
pyramidal in form than in M. giganteus ; dis- 
tally it articulates with metacarpal II and a 
portion of metacarpal III, medially with the 
trapezoid, proximomedially with the scapho¬ 
lunar, and proximomedially with the unci¬ 
form. The unciform articulates distally with 
metacarpals IV and V and distomedially with 
a portion of metacarpal III and the magnum. 
It is thus functionally similar to the unciform 
of M. giganteus, although it differs markedly 
in form. The posterior aspect of the unciform 
in the sthenurine species is flat, not concave 
as in Macropus. The proximal aspect is also 
smooth and flat and lacks the medial emi¬ 
nence, which buttresses the cuneiform in Ma¬ 
cropus. Likewise, the distal articular surface 
of the cuneiform is flat, not convex as in Ma¬ 
cropus. The resulting carpal arch is thus con¬ 
siderably flatter than in Macropus species. 
The pisiform appears to have less articulation 
with the styloid process of the ulna than in 
Macropus, although it may make greater con¬ 
tact medially when extended. 

Metacarpals I and V are much less robust 
and shorter than those of Macropus species, 
whereas metacarpals II, III, and IV are much 
longer. The proximal articulations with the 
carpus allow for considerable divergence of 
metacarpals I and V, while II, III, and IV are 
greatly constrained. Similarly, the proximal 
phalanges of digits I and V are considerably 
reduced, whereas those of II, III, and IV are 
of similar proportion to those of M. gigan¬ 
teus. The medial phalanx of digit V is short 
and proportionally smaller than in M. gigan¬ 
teus, whereas the medial phalanges of digits 
II, III, and IV are proportionally longer. The 
well-developed rugosities on the proximal 


posterior surface of the phalanges of digits II, 
III, and IV suggest the presence of paired 
sesamoids as in Macropus, although none 
have been identified. 

The ungual processes of the distal segments 
of digits II, III, and IV are exceedingly long 
and spatulate, curving both posteriorly and 
slightly medially. Extension is restricted to 
the metacarpal-phalangeal joint, and flexion 
occurs largely at the medial and distal pha¬ 
langes as in Macropus. These movements 
suggest that the rigid manus is incapable of 
the plantigrade stance exhibited by Macro¬ 
pus, yet is capable of slightly more flexion of 
the extremely elongated central digits. These 
features combined with a relatively immo¬ 
bile, yet strong, carpus would produce a hand 
that functions in a clasping manner. 

Pelvis (table 18; fig. 30): Both left and right 
halves of the pelvis of S. stirlingi (SAM 
P22533) are present; the left half is fractured 
across the ischium and lacks the distal por¬ 
tion of the ilium ; the right half, although com¬ 
plete, has sustained fractures to the ilium and 
pubic symphysis. Pelves of females of similar 
size of S. stirlingi (AMNH 117496) and S. 
tindalei (AMNH 117493) were recovered; 
both lack the distal portions of the ilium. The 
left half of the pelvis of a male S. tindalei 
(AMNH 117499) is also available, as is the 
disarticulated ilium and partial ischium of a 
juvenile S. stirlingi (SAM 117495). Proximal 
proportions of the ilia and ischia of S. an - 
dersoni were also recovered. 

The pelvis of S. stirlingi differs from that 
of M. giganteus both in form and relative 
proportions. Although the width of the pelvis 
across the acetabula is equal to the length of 
the ischial portion of the pelvis in both spe¬ 
cies, the ilium of S. stirlingi is approximately 
26 percent longer relative to pelvic width than 
in M. giganteus. The angle between the ilium 
and ischium about the acetabulum is more 
acute in S. stirlingi (145°) than in M. gigan¬ 
teus (170°). As in Procoptodon, the wing of 
the ilium is dorsoventrally flattened and much 
broader in both S. stirlingi and S. tindalei 
than in M. giganteus. This is reflected in the 
total area of origin of the gluteal musculature 
being 1.8 times greater per unit length of il¬ 
ium than in M. giganteus. Similarly, the area 
of origin of the iliacus per unit length is 1.6 
times that in M. giganteus. The ilial frag- 
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merits of S. andersoni are similar in form to 
the two larger sthenurines. 

The iliopectineal tuberosity is a large ru¬ 
gose triangular area at the base of the iliac 
spine in S. stirlingi\ it serves as the origin of 
the M. rectus femoris. The iliopectineal pro¬ 
cess, which is the origin of the M. pectineus, 
is a wedgelike structure extending from the 
anterior portion of the pubis. As in S. tin - 
dalei, the pubis of S. stirlingi is proportion¬ 
ally similar in length, although slightly wider 
than that of M. giganteus. The ischium par¬ 
allels the pubic symphysis as in M. giganteus, 
but differs in a marked dorsal extension of 
the ischiatic tuberosity. This change in the 
form of the ischium affects the geometry of 
the pelvic limb musculature, particularly that 
of the M. biceps femoris and M. semitendi- 
nosus. It also increases (by approximately 
38%) the area of origin relative to the ischial 
length of the M. quadratus femoris compared 
to that of M. giganteus. The acetabulum in 
S. stirlingi, S. tindalei, and S. andersoni is 
approximately 30 percent larger in diameter 
relative to the length of the ischium than in 
M. giganteus ; it is deep and strongly but¬ 
tressed anteriorly by the iliac spine. Unlike 
M. giganteus, the acetabular groove is shal¬ 
low in the center of the fossa and deepens 
posteroventrally toward the border of the ac¬ 
etabulum, emerging again as a shallow groove 
in the ventral border of the ischium. The ac¬ 
etabular groove in S. andersoni is similar to 
that of S. stirlingi, although it is proportion¬ 
ally deeper. The pubic symphysis in both S. 
stirlingi and S. tindalei is much shorter rel¬ 
ative to the length of the ischium than in M. 
giganteus. The pubic tubercle is preserved in 
5. stirlingi (SAM P22533, AMNH 117496) 
and S. tindalei (AMNH 117493). It is an ovate 
eminence far less prominent than the re¬ 
curved spine in M. giganteus. The vertical 


Fig. 25. Comparative medial (A-D), anterior 
(E-H), and lateral (I-L) views of the left scapula 
of Sthenurus stirlingi. A, E, I, holotype, SAM 
P22533 (reversed), and B, F, J, AMNH 117496; 
5. tindalei, C, G, K, AMNH 117499; and Macro¬ 
pus giganteus, D, H, L, AMNH 2390 (reversed). 
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Fig. 26. Comparative anterior (A-E), posterior (F^J), and lateral (K-O) views of the left humerus 
of Sthenurus stirlingi, A, F, K, holotype, SAM P22533; S. tindalei, B, G, L, AMNH 117499, and C, H, 
M, AMNH 117493; S. andersoni, D, I, N, SAM PI3673 (reversed); and Macropus giganteus, E, J, O, 
AMNH 2390 (reversed). 


ramus of the ischium is narrow as in P. goliah 
and S. tindalei, with a relatively small area 
of origin for M. adductor magnus. The large 
obturator foramen is triangular in form as in 
S. tindalei and P. goliah (Tedford, 1967), 
rather than elongate and ovoid as in Macro¬ 
pus. 

Epipubic Bones (fig. 31): Most of the left 
and the proximal half of the right epipubic 
bones of the holotype of S. stirlingi are poorly 
preserved, but a complete left epipubic is 
available in a female (AMNH 117496) of this 
species and a complete right epipubic of a 
juvenile (AMNH 117495). These bones are 
compared with those of M. giganteus and an 
almost complete right epipubic (AMNH 
117493) of S. tindalei and partial left of S. 
andersoni. In the larger species of Sthenurus 
the dorsoventrally flattened epipubic bones 
curve lateromedially and are longer than the 
ischium, whereas in M. giganteus they are 


less than half the length of the ischium. In 
the sthenurines the dorsal border near the 
proximal end of the epipubic bone extends 
laterally as a thin shelf. In these species a 
small rounded process occurs on the distal 
portion of this shelf; in the articulated skel¬ 
eton this would be positioned opposite the 
iliopectineal process. The proximal end of the 
epipubic bones in both S. stirlingi and S. tin¬ 
dalei, unlike M. giganteus, is expanded into 
a subrectangular facet that articulates with 
the ovate eminences at the distal end of the 
pubic symphysis. 

Femur (table 19; fig. 32): Both femora of 
S. stirlingi (SAM P22533) were recovered. 
The left femur lacks the greater trochanter 
and has sustained some postdepositional 
compressional fracturing of the head and 
lesser trochanter; the right femur is complete, 
although the distal portion of the shaft has 
been sheared and slightly compressed. Also 




Fig. 26. Continued. 
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Fig. 27. Comparative medial (A-F), lateral (G-L), and anterior (M-R) views of the ulna of Sthenurus 
stirlingi, A, G, M, holotype, SAM P22533 (reversed), and B, H, N, AMNH 117496; S. tindalei, C, I, 
O, AMNH 117499, and D, J, P, AMNH 117491; S. andersoni, E, K, Q, SAM PI3673 (reversed); and 
Macropus giganteus, F, L, R, AMNH 2390 (reversed). 


representative of S. stirlingi are left and right 
femora (AMNH 117496), left femur (AMNH 
117498), and right femur (SAM PI3940). 
Partial left and right femora (AMNH 117493) 
and a complete left (AMNH 117499) femur 
of S. tindalei were also recovered. Both S. 
andersoni femora are present; the left, al¬ 
though crushed, is the most complete. Al¬ 
though the ratio of femur length to tibial 
length is similar in the three species of Sthen¬ 
urus, as well as P. goliah (Tedford, 1967) and 
M. giganteus, the femora of the sthenurines 
are more massive than those of M. giganteus. 
The difference in the cross-sectional area at 


midshaft in the three sthenurine species is 
directly proportional to the square of the dif¬ 
ferences in shaft length, suggesting animals 
of similar build. Indeed the cross-sectional 
area is approximately twice that predicted for 
Macropus species of equivalent size. The 
greater trochanter is relatively more massive 
in both S. stirlingi and S. tindalei than in S. 
andersoni or M. giganteus. In S. stirlingi and 
S. tindalei the greater trochanter is relatively 
longer and more closely aligned with the axis 
of the femur shaft than in M. giganteus. The 
trochanteric fossa is likewise more medially 
placed. The lesser trochanter with its poorly 
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Fig. 27. Continued. 


developed medial shelf is a weaker structure 
in S. stirlingi and S. tindalei than in M. gi- 
ganteus. 

The smooth distal condyles are similar in 
the sthenurines and differ from M. giganteus 
in which the lateral distal condyle is grooved 
for reception of the head of the fibula during 
extreme flexion of the knee joint. The femur 
bears a number of prominent scars at the sites 
of origin and insertion of the limb muscu¬ 
lature. These are herein considered homol¬ 
ogous with those described for Macropus spe¬ 
cies by Bauschultze (1972), Carlsson (1914, 
1915), and Elftman (1929). On the distal pos¬ 
terior aspect of the greater trochanter, a large 
medial rugosity marks the probable insertion 
of the piriformis and the gluteus medius. This 
insertion is separated by a shallow groove 


from an elongate tuberosity for the insertion 
of the gluteus minimus, which lies more dis- 
tally on the lateral side of the greater tro¬ 
chanter. A prominent flange on the lateral 
border of the shaft opposite the head serves 
as the origin of the vastus lateralis in both S. 
stirlingi and S. tindalei. An elongate scar ex¬ 
tending along the lateral and distal border of 
the trochanteric fossa indicates the site of in¬ 
sertion of the oburator musculature. A prom¬ 
inent crest representing the insertion of the 
iliacus and psoas major extends along the me¬ 
dial side of the lesser trochanter and ends in 
an elongate pit containing a rugose eminence. 
Distal to this pit, on the medial side of the 
shaft, are two closely associated shallow, ru¬ 
gose pits for the pectineus. The insertion of 
the quadratus femoris is indicated by a large 
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Fig. 27. Continued. 


circular rugosity on the midposterior aspect 
of the shaft. A shallow groove arises just lat¬ 
eral to the insertion of the quadratus femoris 
and passes distally and medially to terminate 
in a small circular pit. It is similar to that 
described in P. goliah (Tedford, 1967) and, 
although less well developed, is also present 
in S. tindalei and S. andersoni. It may rep¬ 
resent the insertion of the adductor magnus 
and brevis. A long arcuate scar, convex lat¬ 
erally, extends across the medial aspect of the 
shaft. This scar is not present in Macropus, 
but may represent the site of insertion of the 
medial and intermediate vastus muscles. A 
deep pit on the distal lateral aspect of the 
shaft just proximal to the condyle marks the 
usual site of attachment of the plantaris and 


gastrocnemius lateralis; it is a more promi¬ 
nent feature in S. stirlingi and S. tindalei than 
in S. andersoni or M. giganteus. A smaller 
scar on the distal medial aspect of the shaft 
correlates with the site of origin of the gas¬ 
trocnemius medialis in M. giganteus. A 
prominent rugose pit on the lateral side of 
the epicondyle marks the origin of the po- 
pliteus muscle. 

Tibia and Fibula (table 19; figs. 33, 34): 
Left and right tibia and fibula, including 
proximal and distal epiphyses of the holotype 
of S. stirlingi, are present. The distal portion 
of the shaft of the left fibula is missing, while 
the left tibia exhibits some lateral compres¬ 
sion of the proximal end and a number of 
postdepositional fractures of the shaft. Two 
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Fig. 28. Comparative anterior (A-D) and lateral (E-H) views radii of Sthenurus stirlingi. A, E, 
holotype SAM P22533 (reversed), and B, F, AMNH 117496 (reversed); 5. tindalei, C, G, AMNH 117493; 
and Macropus giganteus, D, H, AMNH 2390. 


right tibiae of S. tindalei (AMNH 117493 and 
117499) and right and left tibiae of S. an- 
dersoni including proximal and distal epiph¬ 
yses are also preserved. The tibia of S. stir¬ 
lingi shows the same proportional relationship 
to the length of the femur as in S. tindalei 
and M. giganteus ; however, as with the fe¬ 
mur, both sthenurine species are more robust 
than M. giganteus of equivalent size. The in- 
tercondyloid eminences of S. stirlingi and S. 
tindalei are proportionally no larger than that 
of M. giganteus. The lateral and medial con¬ 
dylar surfaces are of approximately equal area; 
laterally, the groove for insertion of the fibula 
head is proportionally much longer in both 
S. stirlingi and S. tindalei than in M. gigan¬ 
teus. The lateral part of the proximal condyle 
bearing this groove is missing in the S. an- 


dersoni specimen. A narrow groove and as¬ 
sociated nutrient foramen, similar to that 
found in S. tindalei, S. andersoni, P. goliah, 
and M. giganteus, occurs on the posterolat¬ 
eral border of the shaft approximately one 
third the length from the proximal end. A 
deep groove extends along the lateral surface 
of the shaft just anterior to the fibular surface. 
A similar groove is reported in P. goliah 
(Tedford, 1967), which is less well developed 
in S. tindalei, is barely discernible in M. gi¬ 
ganteus, and appears to be absent in S. an¬ 
dersoni. It may represent the site of attach¬ 
ment of the interosseous binding the tibia and 
fibula and/or the site of partial origin of the 
peraneus brevis. The distal articular surface 
of the tibia is more massive and deeply 
grooved than in M. giganteus. The medial 
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Fig. 29. Comparative dorsal views of the left manus of Sthenurus stirlingi, A, holotype, SAM P22533 
(reversed), and B, AMNH 117496; S. tindalei, C, AMNH 117493 (reversed); and Macropus giganteus, 
D, AMNH 2390 (reversed). 


malleolus in S. stirlingi, S. tindalei, and S. 
andersoni is longer and more robust than in 
M. giganteus, yet its area of contact with the 
facies malleolaris medialis of the astragalus 
is proportionally less than in M. giganteus. 
The median articular groove in both S. stir¬ 
lingi and S. tindalei is an oblate cup rather 
than the shallow arcuate form of M. gigan¬ 
teus. The distal articular surface of the tibia 
is deeply grooved in these sthenurines and 
medially is in the form of an oblate cup rather 
than a shallow depression as in M. giganteus. 
This latter feature and the nature of the distal 
articular surfaces suggest an articulation with 
the astragalus in which movement is even 
more constrained to the sagittal plane than 
in M. giganteus. 

The form of the fibula is essentially the 
same in S. stirlingi and S. tindalei, and al¬ 
though the distal ends of these bones resem¬ 
ble the corresponding part in Macropus gi¬ 
ganteus rather closely, there are notable 
differences in the proximal epiphysis and ad¬ 
jacent shaft. Most striking is the deeply ex¬ 
cavated groove on the anterolateral part of 
the proximal epiphysis and the contiguous 


shaft for insertion of the fibular collateral lig¬ 
ament that arises on the lateral epicondyle of 
the femur from an arcuate crest lying anterior 
to the pit for the tendon of the M. popliteus. 
The corresponding structure in the fibula head 
of M. giganteus consists of a pit for reception 
of the tendon in the epiphysis that is not con¬ 
tinuous with the shallow grooving of the shaft 
below it. The sthenurines lack the proximal 
eminence that articulates with the groove in 
the femur epicondyle in extreme flexion that 
is present in Macropus. Instead, the facet for 
the femur on the proximal epiphysis is di¬ 
rectly laterally from the tibial facet rather than 
parallel to it as in M. giganteus. A triangular 
facet on the anterior face of the proximal 
epiphysis represents part of the origin of the 
M. peroneus longus whose tendon extends 
down the lateral side of the fibula shaft to 
cross the malleolus in a shallow, narrow 
groove. In Macropus this muscle’s origin is 
a distinct knob and the trace of the tendon is 
more impressed on the fibula shaft ventrally. 

Pes (tables 20-22; fig. 35): The right pes of 
the holotype of S. stirlingi (SAM P22533) is 
complete with the exception of the inferred 
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Fig. 29. Continued. 


vestigial phalanges to metatarsal V and the 
distal part of the shaft and inferred vestigial 
phalanges of metatarsal III. The left pes lacks 
the distal portion of metatarsals III and V, 
their inferred phalanges, the navicular, and 
the sesamoids. The hind feet of a female of 
S. stirlingi (AMNH 117496) include the left 
and right pes, complete except for the left 
navicular, plantar sesamoid, and inferred dis¬ 
tal phalanges of digits III and V. Additional 
partial hind feet of S. stirlingi include a large 
adult male (AMNH 117494) and the juvenile 
(AMNH 117495) in which the calcaneum 
lacks the epiphysis of the tuber calcis, and 
metatarsal IV has an unfused distal epiphysis. 
The left pes of 5. tindalei (AMNH 117493) 
is complete except for possible distal phalan¬ 
ges of digits III and V. Additional partial hind 
feet of S. tindalei include the males AMNH 
117491 and 117499. The pes of S. andersoni 
include all the tarsal bones, metatarsal IV, 
and associated phalanges. The proximal por¬ 
tions of metatarsals II, III, and V are present, 
as well as a fragmentary shaft and distal end 
of the left metatarsal V. The pes of the three 
sthenurines show remarkable reduction of 
metatarsals II, III, and V to produce a func¬ 
tionally monodactyl foot as previously noted 
in P. goliah and other species of Sthenurus 
(Tedford, 1966,1967). The presence of a long 
slender shaft and small distal process on the 
right metatarsal V of S. stirlingi (SAM 
P22533) and left metatarsal V of S. ander¬ 
soni', as well as the fragments of the midshaft 


of metatarsals III and V adhering to meta¬ 
tarsal IV in S. tindalei (AMNH 117493), sug¬ 
gests the presence of complete yet vestigial 
metatarsals III and V in all sthenurine spe¬ 
cies. The overall length of the pes relative to 
the length of the tibia is only slightly greater 
in these sthenurine species than in M. gigan- 
teus. Although individual elements of the IVth 
digit are more robust in Sthenurus species 
than in Macropus species, overall the pes is 
slightly broader in M. giganteus due to the 
greater development of the Vth digit. The 
transverse width of the pes across the cuboid 
and navicular is proportionally the same in 
these sthenurines; it is approximately 17% 
greater than that of M. giganteus. The distal 
portion of the calcaneum is also proportion¬ 
ally wider in both S. stirlingi and S. tindalei 
than in M. giganteus. The ratio of calcaneal 
length (distal end calcaneum to center line of 
astragalus) to tarsus length (center line as¬ 
tragalus to distal end of digit IV) in the three 
sthenurine species is identical to that of M. 
giganteus. 

The astragali of S. stirlingi, S. tindalei, and 
S. andersoni are very similar in form and 
differ from those of M. giganteus in the de¬ 
velopment of a much higher median troch¬ 
lear crest with a more rounded apex. The 
trochlear groove is slightly more excavated 
than in M. giganteus, and the lateral crest is 
lower with a more rounded lateral margin. 
The axis of articulation with the tibia is at 
right angles to the longitudinal axis of the pes, 
whereas in M. giganteus it is rotated medially 
as much as 9-10°. 

The facet for the tibial malleolus on the 
astragalus is deflected more ventrally in these 
sthenurines than in M. giganteus. The me¬ 
dian trochlear crest does not extend as far 
ventrally as in M. giganteus ; it is inserted in 
a deep pocket in the proximal surface of the 
calcaneum. The posterior portion of the lat¬ 
eral trochlear ridge is sharply truncated pos- 
teromedially at the site of insertion of the 
lateral ligament as in S. tindalei, S. andersoni, 
and P. goliah. The facet so produced is in¬ 
cised by a narrow groove leading to a deep 
sulcus in the ventral surface of the astragalus. 
This sulcus, bordered by anterior and pos¬ 
terior facets, receives the strong cochlearis 
process of the calcaneum. A large concave 
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Fig. 30. Dorsal (A-C), ventral (D-F), and lateral (G-I) views of the pelvis of Sthenurus stirlingi, A, 
D, G, holotype, SAM P22533 (reversed); S. tindalei, B, E, H, AMNH 117499; and Macropus giganteus, 
C, F, I, AMNH 2390. 


anterior lateral facet, a smaller internal con¬ 
tact along the lateral margin of the proximal 
end of the calcaneum, and a facet on the lat¬ 
eral surface of the head of the astragalus com¬ 
plete the astragalus-calcaneum contact. The 
navicular facet on the head of the astragalus 
is more laterally placed than in M. giganteus ; 
more of the facet lies ventral to the median 
trochlea than in the gray kangaroos. In S. 
stirlingi (AMNH 117496) four sites of syn¬ 
desmosis bind the astragalus to the calcane¬ 
um. These occur at the anterolateral, pos¬ 
terolateral, and medial corners of the 
astragalus in a similar manner to that de¬ 
scribed to P. goliah (Tedford, 1967). The form 


of the astragalus and its connection with the 
calcaneum in both S. stirlingi and S. tindalei 
is more robust than that of M. giganteus and 
reflects a tibia-tarsal articulation in which 
movement is confined more to the sagittal 
plane, and in which the major compressive 
stresses are directed more anteroventrally 
than in M. giganteus. 

The calcaneum in S. stirlingi , S. tindalei , 
and S. andersoni is proportionally longer and 
much broader posteriorly than in M. gigan¬ 
teus. The plantar surface of the tuber calcis 
tapers anteriorly to the posterior border of 
the cuboid facet as in P. goliah. The susten¬ 
taculum in the sthenurine species is broader 
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Fig. 30. Continued. 


than in M. giganteus and is separated anter- 
oventrally from the tuber calcis by a deep 
and narrow tarsal groove. The lateral condyle 
is not as produced as in M. giganteus , yet the 
concave channel beneath it is straighter and 
not blocked by the edge of the cuboid facet 
as in the latter species. This allows a more 
direct line of action for the tendon of the 
strong M. flexor digitorum longus. In S. stir- 
lingi the dorsal border of the cuboid facets 
when viewed from the anterior aspect are in¬ 
clined medially at approximately 25° to the 
base of the tuber calcis. The trochlea is sim¬ 
ilarly inclined. This is the same angle as in 
S. tindalei and S. andersoni, but less than in 
M. giganteus (30°). Unlike M. giganteus , the 
dorsal facets for the cuboid fuse with the ven¬ 


tral one to enclose a small intra-articular fos¬ 
sa. 

The cuboid of S. stirlingi, as in S. tindalei, 
S. andersoni, and P. goliah, is proportionally 
much wider than that of M. giganteus and, 
unlike S. tindalei , is also proportionally 
slightly longer. The lateral plantar process is 
robust and extends across the base of the cu¬ 
boid. It fuses with the incipient median plan¬ 
tar process rather than remaining separated 
from it by the deep groove, which in M. gi¬ 
ganteus houses the tendon of the M. peroneus 
longus. In S. tindalei the median plantar pro¬ 
cess may remain discrete although weakly de¬ 
veloped. The reduction of the median plantar 
process gives the cuboid a triangular outline 
rather than the rectangular form of M. gi- 
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Fig. 30. Continued. 


ganteus. As in P. goliah , the calcaneal facets 
are not as deeply stepped as in Macropus. The 
astragalar facet is larger than in M. giganteus, 
whereas the adjacent navicular facet is some¬ 
what smaller. A small facet on the anterior 
medial surface and the large rugose area ven¬ 
tral to it mark the site of attachment of the 
cuneiforms. The anterior surface bears a large 
semicircular facet for the articulation with 
metatarsal IV and ventrally a posteriorly tilt¬ 
ed smaller facet for metatarsal V. 

The navicular of S. stirlingi and S. tindalei 
is essentially similar to that of P. goliah in 
which the ectocuneiform facet extends across 
the distal surface of the bone. A narrow groove 
on the medial aspect of the navicular repre¬ 


sents the site of overlap of the proximal por¬ 
tion of the entocuneiform (Tedford, 1967). 
This is not apparent in S. andersoni. 

In the holotype of S. stirlingi the three cu¬ 
neiform bones form a composite including 
the proximal end of the vestigial 2nd meta¬ 
tarsal, which is fused proximally to the en¬ 
tocuneiform and anteriorly to the mesocu- 
neiform, all of which are fused via the 
entocuneiform to the ectocuneiform. The an¬ 
terior dorsal facet of the ectocuneiform forms 
the surface of articulation with the vestigial 
metatarsal III while the anterior ventral facet 
articulates with a facet on the medial side of 
the plantar process of metatarsal IV. The ob¬ 
late plantar process of the ectocuneiform 
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curves medially in a smooth arc from beneath 
the fused entocuneiform. The fused cunei¬ 
forms contact the cuboid and metatarsal IV 
laterally via a rugose and presumably liga¬ 
mentous attachment. A similar fusion of all 
cuneiforms was found in other adults (AMNH 
117494 and 117496) of S. stirlingi and in S. 
andersoni. In adult S. tindalei (AMNH 
117493 and 117499) and juvenile S. stirlingi 
(AMNH 117495), the entocuneiform re¬ 
mained discrete and bore a narrow rugose 
groove on its medial aspect, presumably the 
site of attachment of the meso- and entocu¬ 
neiform bones. In Procoptodon goliah the cu¬ 
neiform composite is formed by the ectocu- 
neiform, mesocuneiform, and proximal end 
of metatarsal III (Tedford, 1967); the ento¬ 
cuneiform and metatarsal II were not fused 
to this entity. In moving kangaroos, most of 
the body weight is transferred directly to the 
metatarsals via the calcaneum and cuboid and 
to a lesser extent via the astragalus-navicular 
contact (Marshall, 1974). In the sthenurine 
kangaroos, metatarsal V is much reduced dis- 
tally; however, its proximal plantar aspect is 
quite robust. Some indication of the relative 
weight distribution across the metatarsals can 
be gained from a comparison of the relative 
areas of the proximal facets. In both S. stir¬ 
lingi and S. tindalei, approximately 83-85 
percent of the total proximal contact area of 
the metatarsals is associated with IV, 10-11 
percent with V, and approximately 6 percent 
with II and III. Approximately 70-73 percent 
of the contact with metatarsal IV is via the 
calcaneum, whereas 12-13 percent is via the 
ectocuneiform. This differs from M. gigan- 
teus where all the contact with metatarsal IV 
(approximately 55 percent of total) is via the 
cuboid while metatarsals II and III account 
for approximately 25 percent and metatarsal 
V approximately 20 percent. 

The importance of metatarsal IV as a sup¬ 
port for the weight of the animal is reflected 
by the cross-sectional area at midshaft. For 
P. goliah, S. stirlingi, S. tindalei, and S. an¬ 
dersoni it ranges from 1.2 to 1.5 times larger 
than that predicted for a similar size M. gi- 
ganteus. Within the sthenurine kangaroos the 
most robust metatarsals IV (cross-sectional 
area/length) occur in S. stirlingi and P. goliah . 
Sthenurus andersoni metatarsal IV is the most 
gracile of this group. As the length of meta- 



Fig. 31. Lateral views of the left epipubic bones 
of Sthenurus stirlingi. A, AMNH 117496 (re¬ 
versed); S. tindalei, B, AMNH 117493; and Mac¬ 
ropus giganteus, C, AMNH 2390. 


tarsal IV to other hind limb elements is sim¬ 
ilar in all these sthenurine species and in M. 
giganteus, the differences in cross-sectional 
area provide insight into the relative bulk of 
each of the extinct species. The proximal ar¬ 
ticulating facet of metatarsal IV of these 
sthenurines forms a continuous arc from the 
plantar process to the midlateral aspect sur¬ 
rounding a narrow intra-articular depression 
similar to that of P. goliah (Tedford, 1967). 
A rugose crest arises posteromedially from 
the plantar process in the sthenurines com¬ 
pared here to form the posterior rim of a 
groove for the syndactylous digits. A small 
facet on this crest articulates with a matching 
facet on the ectocuneiform such that a small 
portion of the body weight is directed from 
the astragalus via the navicular and ectocu- 
neiforms to metatarsal IV. The proximal por¬ 
tion of the shaft of metatarsal IV is latero- 
medially flattened while distal flattening 
occurs in a dorsoventral plane. When viewed 
laterally, the shaft is convex dorsally and con¬ 
cave ventrally; a median keel extends distally 
from the plantar process for approximately 
two thirds of the length of the shaft. A pos¬ 
terolateral depression of the proximal end of 
the plantar process houses metatarsal V; me¬ 
dially, another depression accommodates a 
large tarsal or plantar sesamoid that is deeply 




Fig. 32. Lateral (A-C), dorsal (D-F), and ventral (G-I) views of the femur of Sthenurus stirlingi, A, 
D, G, holotype, SAM P22533 (reversed); S. tindalei, B, E, H, AMNH 117499 (reversed); and Macropus 
giganteus, C, F, I, 2390. 
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grooved ventrally for the peroneal tendon. 
The transverse diameter of the distal artic¬ 
ulating surface relative to the length of meta¬ 
tarsal IV is proportionally similar to P. goliah 
and is approximately 1.6 times that of M. 
giganteus . Two ovoid sesamoids fit over the 
distal posterior articulating surface on either 
side of a low median keel as in Macropus 
species. The presence of the keel in S. an- 
dersoni suggests a similar arrangement of ses¬ 
amoids. Very shallow grooves on either side 
of the median keel mark the position of met¬ 
atarsals V and III. These grooves converge 
distally. 

The complete right and the proximal por¬ 
tion of left metatarsal V are preserved in the 
holotype of S. stirlingi. In S. tindalei a com¬ 
plete right metatarsal V is available (AMNH 
117494), but in S. andersoni only the prox¬ 
imal left and the distal shaft and broken distal 
end adhering to metatarsal IV is preserved. 
Although distally the shaft is reduced to a 
thin splint, the proximal end of this meta¬ 


tarsal is quite robust and has a well-devel¬ 
oped plantar process. The distal end of the 
shaft bears a small bulblike eminence with 
an oblong facet, suggesting the presence of a 
vestigial proximal phalanx. 

Only the small triangular proximal portion 
of right metatarsal III is preserved in the ho¬ 
lotype of S. stirlingi , whereas the left part, 
with a portion of its shaft still adhering to 
metatarsal IV, is present in S. tindalei 
(AMNH 117493). Poor preservation has ob¬ 
scured all details of this bone in S. andersoni. 
This bone is similar in both species. It artic¬ 
ulates proximally with the anterior dorsal 
facet of the ectocuneiform and inserts later¬ 
ally into a rugose channel on the medial as¬ 
pect of metatarsal IV. Only the proximal half 
of the very thin straplike shaft is present in 
S. tindalei, but a shallow groove along meta¬ 
tarsal IV suggests that it extended the length 
of the median keel. The presence of a shaft 
is inferred in S. stirlingi from the nature of 
the distal end of the fragment preserved and 



Fig. 32. Continued. 
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Fig. 33. Anterior (A-E) and lateral (F-J) views of the tibia of Sthenurus stirlingi, A, F, holotype, 
SAM P22533 (reversed); S. tindalei, B, G, 117499, and C, H, AMNH 117493; S. andersoni, D, I, SAM 
PI3673 (reversed); and Macropus giganteus, E, J, AMNH 2390. 


shallow groove extending at least halfway 
down metatarsal IV. Like metatarsal V, this 
bone may have borne a vestigial phalanx. 
As previously described, metatarsal II per¬ 


sists as a tiny vestigial oblong bone fused 
proximally with the entocuneiform, laterally 
with the ectocuneiform, and anteriorly with 
the even small ovoid mesocuneiform. It has 
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Fig. 33. Continued. 


no shaft, with the distal termination being 
smoothly rounded in S . stirlingi, S. tindalei, 
and S. andersoni. 

In the three sthenurine species the proxi¬ 
mal phalanx of the 4th digit is similar in form 
to that described for P. goliah (Tedford, 1967). 


It is easily distinguished from that of Macro¬ 
pus by the more robust, flattened, subtrian- 
gular shaft, the greater lateral expansion of 
the proximal and distal ends, and the pres¬ 
ence of paired ligament scars on the mid¬ 
posterior aspect of the shaft. Tedford (1967) 
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Fig. 34. Lateral (A-C) and medial (D-F) views, respectively, of the fibula of Sthenurus stirlingi , A, 
D, holotype, SAM P22533; S. tindalei, B, E, AMNH 117493; and Macropus giganteus, C, F, AMNH 
2390, all views reversed. 


suggested that these paired scars in P. goliah 
may be homologous with the sesamoid lig¬ 
ament scars in the Equidae. The scars of the 
short sesamoidean ligaments lie on either side 
of a median notch in the posterior border of 
the proximal articulation. A small pit distal 


to this notch marks the site of insertion of 
the crossed sesamoidean ligaments. The in¬ 
sertion of the collateral ligaments and the 
flexor tendon is marked by prominences on 
the lateral edges of the distal anterior surface 
of the phalanx. The site for insertion of the 
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Fig. 35. Dorsal view of the pes of Sthenurus stirlingi, A, holotype, SAM P22533, B, anterior, and 
C, lateral views of 5th metatarsal of holotype; S. tindalei, D, AMNH 117493; S. andersoni, E, SAM 
PI3673; and Macropus giganteus, F, AMNH 2390, all views reversed. 


extensor tendon is marked by a well-devel¬ 
oped ridge paralleling the dorsal proximal 
border. 

The median phalanx of the 4th digit in S. 
stirlingi, S. tindalei, and S. andersoni is rel¬ 
atively long compared with that of M. gigan¬ 
teus. It is more tapered distally than the prox¬ 
imal phalanx. The strong shaft is triangular 
in cross section with a marked anterior me¬ 
dian crest. In contrast to M. giganteus, the 
median phalanx in the three sthenurine spe¬ 
cies is almost equal in length to the proximal 
phalanx. The large rugose areas on the ventral 


surface of the proximal end mark the site of 
insertion of the plantaris tendon. Large pro¬ 
cesses on the lateral and medial aspects of 
the proximal articulation mark the site of at¬ 
tachment of the collateral ligaments. The dis¬ 
tal articular surface is broadly sulcate as in 
P. goliah. 

The distal phalanx of the 4th digit is pro¬ 
portionally shorter and more robust than in 
M. giganteus. It bears a relatively wide and 
deeper plantar process, which has a well-de¬ 
fined transverse groove marking the insertion 
of the flexor hallucus longus. Unlike M. gi- 
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ganteus , the ungual process in both S. stirlingi 
and S. tindalei is strongly arched distally and 
posteriorly. The tip of the process is broader 
and more rounded than in M. giganteus. The 
ungual process in S. andersoni more closely 
approaches Macropus in the presence of a 


dorsal keel, giving the cross section a trian¬ 
gular rather than a flattened shape. The pro¬ 
cess is arched as in the other sthenurines, but 
is more sharply terminated, thereby resem¬ 
bling Macropus . 


ONTOGENY AND SEXUAL DIMORPHISM 


Eruption of the permanent dentition pro¬ 
vides one of the few reference points by which 
the ontogenetic changes in the skeleton may 
be gauged. The 12 individuals assigned to 
three species reported in this work do not 
provide an adequate base for comparison, 
particularly since the juvenile stages are so 
poorly represented (as befits an entrapment 
mechanism biased toward the largest, heavi¬ 
est individuals). Nevertheless, it is possible 
to gain some idea of the eruption sequence 
(table 23) and to confirm that S. stirlingi shows 
the late eruption of P3 characteristic of sthen¬ 
urines. The juvenile (AMNH 117495) has 
worn permanent upper incisors, an early stage 
in eruption of the molars in which P2, Dp3, 
and Ml-2 are in occlusion and M3-4 have 
calcified crowns, but are still in their maxil¬ 
lary crypts. Wear on the incisors and cheek 
teeth indicates that this individual was free- 
ranging. The holotype is a young adult whose 
M4/m4 is in occlusion and unworn. The P3/ 
p3 shows beginning wear, indicating that it 
must have erupted just prior to M4/m4, per¬ 
haps coordinated with beginning of wear on 
M3/m3. The conditions in S. tindalei (AMNH 
117492 and 117493) closely resemble S. stir¬ 
lingi and suggest that these two large Sthen- 
urus species had an eruption sequence similar 
to Procoptodon. Comparative analysis of 
growth of living large kangaroos and Calla- 
bonna Sthenurus discussed below suggests 
that fully erupted permanent teeth accom¬ 
pany the attainment of near adult size. 

Where associated portions of the postcra- 
nial skeleton were available, it was apparent 
that there were marked disparities in size of 
limb elements between some individuals 
within each taxon. Similar differences are to 
be found among extant kangaroos and are 
attributable to sexual dimorphism (Poole et 
al., 1982a, 1984). Poole et al. (1982a) studied 


the growth of gray kangaroos ( Macropus gi¬ 
ganteus) in captivity in order to ascertain the 
reliability of body measurements for age de¬ 
termination of animals in the field. In their 
study they compared the molar index (Kirk¬ 
patrick, 1965) of animals of known age with 
head, limb, and body lengths (table 24). They 
found that after vacating the pouch, the 
growth rate of males exceeded that of fe¬ 
males. The growth curves of both sexes tend¬ 
ed toward different asymptotes after 3 years. 
Wood et al. (1983) demonstrated that head 
and limb lengths were reliable indicators of 
age for both captive and wild gray kangaroos 
that had vacated the pouch. Poole et al. (1984) 
concluded that sexual dimorphism was best 
described as males becoming “larger and 
stockier, with greater development in the 
length of the arm than the females.” Similar 
patterns were found in other macropod spe¬ 
cies, for example, M. fuliginosus (Poole et al., 
1982b), Petrogale xanthopus (Poole et al., 
1985), and in our own studies of museum 
specimens of M. rufus. 

On the assumption that sexual dimor¬ 
phism is a characteristic of the larger species 
of the Macropodidae, we sorted the Calla- 
bonna sthenurines into relative age classes 
based on molar eruption and wear (table 23) 
and then compared the proportions of skull 
and postcranial elements when available. 

We assumed that growth curves for these 
sthenurines were similar to those published 
for M. giganteus (Poole et al., 1984); that is, 
after 3 years of age (MI = 2.37), growth curves 
tended toward the asymptote. For example, 
the youngest adult S. stirlingi (SAM P22533, 
table 23) has a tooth eruption and wear pat¬ 
tern that, if it were M. giganteus , would be 
close to the 3-year asymptote. We do not 
imply that this extinct species is the same 
chronological age (3 years), but rather the 
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same ontogenetic age (i.e., has reached the 
same point in the general growth curve, the 
asymptotic portion). Where the difference in 
size of similar age individuals of the same 
species is equal to or greater than the sex 
difference between extant species, the former 
were deemed sexual morphs. For example, if 
we compare humerus and femur lengths for 
S. stirlingi specimens P22533 and AMNH 
117496, there is a 32 percent and 17 percent 


difference in size, respectively. Male and fe¬ 
male M. giganteus of similar ages have an 
average difference in distal forearm and hind 
limb lengths of 17 percent and 11 percent, 
respectively (table 24). We therefore propose 
that the holotype of S. stirlingi is a male and 
that AMNH 117496 is a female. Similar 
comparisons were used to assign sex to other 
specimens. 


FUNCTIONAL ANATOMY 


In the section below we advance functional 
interpretations to account for the morpho¬ 
logical differences observed between the Cal- 
labonna sthenurine skeletons and those of the 
larger extant species of macropodines. 

The Cheek Teeth and Zygoma: Sanson 
(1978, 1980) examined the relationships be¬ 
tween aspects of molar morphology and di¬ 
etary preferences within the Macropodinae. 
He recognizes two broad adaptive types, 
browsers and grazers. The former is typified 
by the living forms Wallabia, Dorcopsis, Dor - 
copsulus, Dendrolagus, Thylogale, Setonix y 
and Lagostrophus ; the latter is represented 
by forms such as Macropus , Megaleia, Per- 
adorcus, Onychogalea , and Lagorchestes. The 
character states associated with these broad 
dietary preferences are indicated in table 25 
(taken from Sanson, 1980) along with the 
morphological features found in the Calla- 
bonna sthenurines. 

Sanson viewed the characteristics of the 
browsing grade as primitive and those of the 
grazing grade as derived. The derived char¬ 
acters of the grazing molar include the pres¬ 
ence of mid- and forelinks and broad anterior 
cingula. Both adaptations increase the surface 
area for shearing and grinding and are cou¬ 
pled with high crowns and molar progression 
as adaptations to compensate for wear pro¬ 
duced by the tough and high abrasive grasses. 
In contrast, the browsing molar tends to be 
a simple, low-crowned tooth with weak or 
incipient links that maintains a fixed position 
within the jar or palate. 

We interpret the molars of the Callabonna 
sthenurines as an advanced browsing grade. 
They tend to be proportionally high-crowned; 


they have weakly developed midlinks and 
broad anterior cingula; and, although the large 
premolars preclude molar progression, the 
plane of occlusion of both upper and lower 
cheek teeth is curved such that throughout 
the life of the animal wear on the anterior 
teeth brings the posterior teeth further into 
occlusion. The increased wear on the lingual 
side and the pattern of striae on the enamel/ 
dentine surfaces indicate a sequence of jaw 
movements similar to those proposed for the 
browsing Wallabia bicolor by Sanson (1980). 
The closure of the median valley on the labial 
side of the upper molars may prevent loss of 
food to the cheek region in the first phase of 
the chewing cycle (Phase 1 of Sanson, 1980). 

In Phase 2 of the chewing cycle in browsers 
(Sanson, 1980) the jaw is moved anteriorly, 
thereby forcing the anterior face of the lo- 
phids down the posterior face of the lophs 
and moving the jaws apart. Sanson suggested 
that this phase serves to rupture soft palasade 
or mesenchymatous cells of the browse. The 
pattern of wear facets on the posterior faces 
of the lophs and anterior faces of the lophids 
(wear facets 3 and 4 of Sanson, 1980) of the 
large Callabonna sthenurines is indicative of 
a similar jaw movement. The midlink de¬ 
scending to the protocone and the weaker 
posterior cingulum descending to the meta- 
conule serve to direct the jaw labially. The 
deepening of the medial valley lingual of the 
midlink would result in at least part of the 
diced plant material being shed from the tooth 
at the close of Phase 1 to be picked up by the 
tongue and returned for further treatment or 
swallowed. The remaining part trapped be¬ 
tween the lophs as the jaw opens (Phase 2) 
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would be ground and spread across the pos¬ 
terior face of the lophs, ready for the next 
shearing phase. In this manner the diced plant 
material would be moved anteriorly along the 
tooth row, encountering progressively more 
worn teeth. With increasing wear, the ante¬ 
rior molars would function more and more 
as pestles and mortars, grinding and pulping 
the finely comminuted food. The lingual crests 
of the broad subtriangular upper premolars 
would provide a similar function. Indeed, the 
marked anterior curvature of the upper cheek 
tooth row medially, lingually, and dorsally of 
a point opposite the masseteric process pro¬ 
duces the shift in cheek tooth function from 
simple shearing on the posterior molars (al¬ 
most exclusively Phase 1), then shearing and 
grinding (Phases 1 and 2) in midtooth row, 
to almost exclusive grinding on anterior cheek 
teeth. 

The decrease in molar widths anteriorly 
and posteriorly of the masseteric process may 
allow for a more equable distribution of bite 
forces per unit area of tooth contact along the 
cheek tooth row (i.e., this represents a balance 
between the frictional forces involved in 
tooth-to-tooth contact and the area of move¬ 
ment about the fulcrum). Further refinement 
of tooth function is to be found in the concave 
form of the lophs and lophids producing point 
shearing in the first phase of occlusion. The 
slight lingual convergence of the lophs would 
also serve to exert increased pressure on the 
shearing and grinding faces at the end of each 
phase of the chewing cycle. 

The masseteric process of the zygoma, a 
mere nubbin in S. andersoni and S. tindalei, 
develops a descending process in S. stirlingi. 
In the tree sloths this process allows for the 
development of a strong horizontal portion 
of the masseter muscle (Sicher, 1944) that is 
responsible for the grinding movement in the 
last phase of protraction of the mandible. By 
analogy with the sloth, this process may have 
played a similar role in Phase 2 of the mas¬ 
ticatory cycle of S. stirlingi. Note that lines 
drawn along the axis of each loph converge 
in approximately the position of the masse¬ 
teric process on the nonoccluding side, sug¬ 
gesting that the balancing side musculature 
may play an important role in the mastica¬ 
tory cycle. The geometry suggests that the 
anteriorly directed fibers of the masseter on 


the balancing side may act as antagonists to 
those of the occluding side, thereby serving 
to control the medial rotation of the jaw about 
a vertical axis centered on the masseteric pro¬ 
cess of the nonoccluding side. 

Anterior Palate, Mandible, and Inci¬ 
sor Array: The most obvious characters 
separating the genera Sthenurus and Procop - 
todon relate to the proportions of the anterior 
part of the skull. The more elongate nasal 
region, the longer diastemata, the procum¬ 
bent lower incisors, and the weak symphyseal 
union endow the genus Sthenurus with ma- 
cropodine-like features. These skull propor¬ 
tions are in marked contrast to the almost 
edentate-like skulls of species of Procoptodon 
(Tedford, 1966, 1967). Macropodine-like 
structures are thought to correlate with the 
adoption of a grazing habit (Anderson, 1927; 
Ardran et al., 1958; Ride, 1959; Tedford, 
1966), the increase in diastemal length with 
an increase in tongue length necessary for the 
procurement and manipulation of food, the 
procumbent lower incisors with gathering of 
food, and the weak symphyseal union with 
mandibular movements allowing the maxi¬ 
mum surface of the lower incisors to be op¬ 
posed to the upper incisors during biting 
(Ride, 1959). Although all three Callabonna 
species exhibit some grazing macropodine 
characters, only S. tindalei has the combi¬ 
nation that includes procumbent lower in¬ 
cisors, relatively long diastemata, and a weak 
symphyseal union. Furthermore, the ascend¬ 
ing ramus is raked posteriorly as in Macropus 
species, although the masseteric foramen in¬ 
vades the body of the mandible only as far 
forward as M4. Abbie (1939) suggested that 
the more medial migration of the deep por¬ 
tion of the masseter in the Macropodidae re¬ 
inforces the poorly developed lateral ptery¬ 
goid musculature of the opposite side to 
provide the lateral movements of the jaw that 
occur during the second phase of the masti¬ 
catory cycle (Sanson, 1980). The more an¬ 
terior insertion also compensates for the loss 
of leverage resulting from an increase in di¬ 
astema length and the procumbency of the 
lower incisors (Abbie, 1939). 

Both S. stirlingi and S. andersoni have less 
procumbent lower incisors and proportion¬ 
ally shorter diastemata than S. tindalei. They 
do not exhibit the anterior development of 



1995 


WELLS AND TEDFORD: AUSTRALIAN PLEISTOCENE STHENURUS 


77 


the masseteric foramen, suggesting a jaw 
musculature in which the major emphasis is 
placed on the first or occlusal phase of the 
masticatory cycle, and in which less emphasis 
is placed on the lateral or grinding move¬ 
ments of the jaw in the second phase of mas¬ 
tication. In all three species, enamel covers 
both the labial and lingual faces of the upper 
incisors, but only the labial surface and mid¬ 
line contact of the lower incisors. The dentine 
on the lingual side of il wears to leave an 
enamel ridge along the labial aspect of the 
tooth. Striae patterns shown on the enamel 
and dentine of the upper incisors can only be 
produced by an anteromedial movement of 
the lower incisor. Forward excursion of the 
jaw appears to be halted by II, which acts as 
a stop at the apex of the V formed by the 
upper incisors. The gathering of plant ma¬ 
terial is presumably affected by the oblique 
movement of the enamel ridge of the lower 
incisor across the enamel ridges of 12.3 in a 
shearing action similar to that described by 
Anderson (1927). Ride (1959) observed in¬ 
cisor biting in M. rufogriseus and noted that 
grass stems were seized between the lower 
and upper incisors and severed by a jerk of 
the head rather than by incisor movements. 
However, these animals were eating “long 
grass,” and incisor shearing may be more im¬ 
portant when animals are cropping small 
blades close to the ground. Certainly the re¬ 
sulting wear on the more procumbent lower 
incisors of S. tindalei produces a relatively 
longer occlusal surface for biting than in S. 
stirlingi or S. andersoni. In contrast, Procop- 
todon goliah has a very small area of incisor 
contact. The narrow, more steeply inclined 
lower incisors are opposed by a small peglike 
array of upper incisors similar to that of the 
leaf-eating koala and brush-tailed possum, a 
configuration that in combination with a short 
diastema allows the exertion of considerable 
bite pressure when severing leaf petioles or 
small stems. By analogy, the food of S. stir¬ 
lingi and S. andersoni ought to require more 
pressure but less bite contact to harvest than 
that of S. tindalei , notwithstanding the in¬ 
crease in leverage obtained by the more an¬ 
terior insertion of the deep masseter in the 
latter species. The relatively shorter diastema 
in S. stirlingi and S. andersoni suggests a diet 
requiring a less manipulative tongue than in 


S. tindalei , whereas the relatively higher- 
crowned cheek teeth and jaw mechanics are 
indicative of a diet that requires more shear¬ 
ing than grinding than that of S. tindalei. 
Sthenurus tindalei is thus considered to be a 
grazer/browser with a diet that was finer-tex¬ 
tured than that of S. stirlingi. The latter prob¬ 
ably had a diet that included leaf petioles and 
the occasional leafy stems where larger plant 
cells interspersed with lignified ribs and veins 
required a dicing treatment with slightly less 
emphasis on grinding. Sthenurus andersoni , 
although a much smaller animal, is a closer 
functional analogue to S. stirlingi than S. tin¬ 
dalei. 

Nasal Sinus: The inflated supraorbital re¬ 
gion is an outstanding feature of S. stirlingi 
and is characteristic of at least two other 
sthenurine species (viz. Simosthenurus 
brownei and S. maddocki; Wells and Murray, 
1979). Sagittal sections of the latter species 
reveal two large sinuses above the ethmotur- 
binals, connected to the nasal passageway via 
small ostia. Similar structures occur in both 
the red kangaroo M. rufus and the gray kan¬ 
garoo M. giganteus, but not in the tree kan¬ 
garoo (Negus, 1958). Their function is un¬ 
known, although their position relative to the 
nasal sinus is suggestive of an olfactory rather 
than a thermoregulatory role. 

Postcranial Skeleton: The most striking 
difference between the skeletons of the sthen¬ 
urine kangaroos and the large macropodines 
is the more robust nature of the individual 
bones; indeed, by comparison the macro¬ 
podines appear quite gracile. For example, 
the ratio of midshaft cross-sectional area to 
femur length in sthenurines is almost double 
that of macropodines. If we assume that size- 
adjusted cross-sectional area is a function of 
body mass, then S. tindalei and S. stirlingi 
are considerably more robust than the gracile 
macropodines. 

Windsor and Dagg (1971) used cinemat¬ 
ographic techniques to study the gaits of 19 
species of macropodines. They suggested that 
the fastest gait, the bipedal hop, evolved from 
the quadrupedal bound and that the nature 
of the former correlates well with the habitat 
of the species. They found no correlation be¬ 
tween the lengths of the femur and tibia and 
the bipedal hop pattern; however, they did 
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report a greater increase in the length of the 
tibia over that of the femur in larger species. 

The tree kangaroos, Dendrolagus species, 
retain the primitive gaits, the walk, and the 
quadrupedal bound, and even when hopping 
bipedally, their mean stride length is shorter 
than their body size would suggest (Windsor 
and Dagg, 1971). Among the remaining larg¬ 
er species, stride length is correlated with size. 
However, the percentage of time that the hind 
feet were in contact with the ground per stride 
did not correlate with size, and seemed more 
to reflect the habitat of the species; that is, 
those that live in dense scrublands have in¬ 
creased the time their feet remain in suspen¬ 
sion during a stride. The red kangaroo, M. 
rufuSy had the longest ground contact during 
a stride, which in turn is a function of the 
hind limb trajectories and subsequent pos¬ 
ture when hopping. 

The proportions of the tree kangaroo, Den¬ 
drolagus lumholtzii, reflect its adaptations to 
an arboreal life (i.e., it has a relatively short 
body and long balancing tail). The forelimb 
to hind limb ratio is high, while the proximal 
portions of both forelimbs and hind limbs 
are relatively long, reflecting the necessity to 
provide power for climbing. In contrast, the 
terrestrial macropodines have relatively long 
hind limbs with longer distal elements, ad¬ 
aptations that increased stride length. 

The skeletal remains of two Callabonna 
species, S. stirlingi and S. tindalei , are suffi¬ 
ciently complete to allow comparisons of limb 
and vertebral column proportions with the 
extant species for which the gait is known 
(tables 26, 27). 

In the Callabonna sthenurines the propor¬ 
tions of the vertebral column, with the ex¬ 
ception of the tail, most closely resemble those 
of the large extant macropodines. Their skel¬ 
etons differ in the following proportions from 
those of Macropus species: (1) the sthenurines 
have slightly shorter tails; (2) their forelimbs 
are similar to Macropus in overall length, yet 
have a relatively longer manus and shorter 
radius/ulna; (3) their hind limbs are propor¬ 
tionally similar to those of the large extant 
macropodines, but are much longer relative 
to the vertebral column (fig. 36). 

These characters suggest greater biome¬ 
chanical affinity with the bipedal terrestrial 
forms rather than the tree kangaroos, al¬ 
though one can only speculate on the selec¬ 


tive advantage of lengthening the hind limbs. 
This could be related to increasing stride 
length or height when standing erect or both. 

Little can be deduced about the locomotor 
abilities of Sthenurus. A comparison of the 
pelvic structures with those of macropodines 
reveals some differences in muscle mechan¬ 
ics. The increase in length and width of the 
ilium and the more acute ilial angle provides 
both greater area and leverage to the gluteus 
medius, the flexor of the thigh, and the erec¬ 
tor spinae. The origin and insertions of the 
femoral flexors are well developed on the il¬ 
ium, and the lever arms for the femoral ex¬ 
tensors, as well as the adductor muscles, are 
relatively much shorter than in Macropus. 
This arrangement would decrease the power 
the adductor muscles could deliver in the lat¬ 
ter part of the propulsive phase; however, 
such arrangement does increase such mus¬ 
cles’ value in preventing the legs from spread¬ 
ing under the weight of the body when stand¬ 
ing, particularly given the broad pelvis and 
divergent resting position of the femur. Fur¬ 
ther mechanical advantage is gained by the 
greater depth of the ischiopubic region of the 
pelvis, which effectively increases the hori¬ 
zontal component of the adductor action. 
There is little difference in the lever arms of 
the remaining femoral and tibial flexors, the 
biceps femoris, and the semi-membranosis. 
It appears that these pelvic differences are 
related to supporting the great mass of the 
animal when standing on the hind legs and 
raising the body either when feeding or dur¬ 
ing the first phase of propulsion. 

The relationship between the fibula and 
tibia has been studied in macropodines. Par¬ 
sons (1896) suggested that “during internal 
rotation of the leg on the thigh the head of 
the fibula is pressed back by the external con¬ 
dyle of the femur and forms a spring like 
buffer to check that movement.” Craven 
(1971) noted that the shallow groove down 
the lateral proximal aspect of the fibula is the 
site of insertion of the m. peroneus longus, 
which sends a tendon across to the medial 
side of the foot in the channel between meta¬ 
tarsal IV and the cuboid. Its action involves 
both dorsi-flexion and weak eversion of the 
foot. In these sthenurine kangaroos the groove 
for the origin of the m. peroneus longus is a 
prominent feature, although the groove on 
the lateral malleolus and across the calca- 
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neum and astragalus appears rather narrow 
compared with Macropus species. Nonethe¬ 
less, it suggests the presence of a powerful 
muscle for everting and dorsal flexing of the 
foot. The cuplike structure of the lateral distal 
articulating facet of the tibia would be ideally 
suited to rotation and eversion of the foot 
about the tibia. 

Two points are noteworthy when exam¬ 
ining the head of the sthenurine fibula. First, 
this head lacks the distinctive posterior pro¬ 
cess of Macropus species. This process inserts 
in the groove in the lateral condyle of the 
femur in Macropus ; the subdued process al¬ 
lows greater flexion of the knee in Sthenurus. 
Second, the groove in the proximal tibial 
epiphysis for insertion of the fibula head is 
relatively longer in sthenurines, whereas the 
fibula head is about the same relative length 
as that of macropodines. This suggests a ca¬ 
pacity for greater internal rotation of the low¬ 
er limb about the femur. 

All of these limb movements can be ob¬ 
served in the Muybridge (1887) photographs 
of hopping kangaroos. The differences sug¬ 
gested for the sthenurines relate only to the 
degree of movement. For example, the artic¬ 
ular facets on the distal condyle of the femur 
suggest a greater arc of movement of the tibia 
in Sthenurus than in Macropus , while reduc¬ 
tion of the posterior proximal process of the 
fibula would allow greater internal rotation 
of the lower limb. 

A possible explanation for these differences 
is to be found in the structure of the pelvis, 
which in sthenurines is very wide across the 
acetabula. However, the relative lengths of 
the hind limb elements are not significantly 
different from Macropus species. When hop¬ 
ping, the lower limbs would need to be ro¬ 
tated even more medially to position the toes 
centrally prior to landing. The evidence for 
this rotation is found in the longer groove for 
articulation of the fibula with the tibial head. 
The collateral ligaments binding the fibula 
head to the distal end of the femur would 
presumably cause the proximal end of the 
fibula to slide posteriorly relative to the tibia 
as the latter was rotated internally. There may 
be a large enough process on the head of the 
fibula for it to be pressed back by the lateral 
condyle of the femur to form a “springlike 
buffer” (Parsons, 1896). Thus, on leaving the 
ground, the lower limb would spring back 


into the sagittal plane just as the phalanges 
and calcaneum snap back on the release of 
the load on the foot ligaments. This spring 
system would require strong binding of the 
fibula to the tibia by interosseous ligaments 
and may account for the groove on the tibial 
shaft of S. stirlingi. The well-developed se- 
samoidean ligament scars on the underside 
of the pes suggest that elastic tendons and 
ligaments may have greatly assisted loco¬ 
motion in these species and in Procoptodon, 
as suggested by Tedford (1967: 144). 

The almost vestigial nature of metatarsal 
V in the sthenurines results in a monodactyl 
pes (digit IV). Among extinct macropodines 
only the open plains red kangaroo M. rufus 
approaches this condition, whereas the re¬ 
verse is to be found among the small thicket¬ 
dwelling rat kangaroos. In the absence of cor¬ 
relates with the locomotory modes of living 
species, speculation is hazardous; however, 
this state suggests a gait involving less lateral 
maneuverability than forms with divergent 
toes. 

Support for this hypothesis is found in the 
structure of the vertebral column. Alternate 
limb loadings in mammals, be they quadru¬ 
pedal or bipedal, place rotational stresses on 
the backbone. These rotational stresses are 
resisted by both the zygapophyseal joints and 
the muscles and ligaments attached to the 
vertebral process. In the Callabonna sthen¬ 
urines the vestigial nature of the diapophyses 
and anapophyses suggests a reduction in im¬ 
portance of those axial muscles involved in 
flexing the back. Similarly, these animals lack 
zygapophyseal modifications to the anticlinal 
vertebra of the type found in Macropus spe¬ 
cies which resist dorsiflexion. The extended 
metapophyses in the lumbar region in sthen¬ 
urines would give greater leverage to muscles 
supporting the fore end of the body, while 
their almost vertical orientation would also 
resist both lateral and rotational deflection of 
the backbone. Similarly, the vestigial ana¬ 
pophyses of the caudal vertebrae suggest an 
insignificant role for those muscles (M. ex¬ 
tensor caudae lateralis) involved in the lateral 
extension of the tail, while the deep, broad 
chevrons would provide increased leverage 
to the caudal flexors. 

The close juxtaposition of the neural spines 
across the lumbar-sacral joint in S. stirlingi 
is indicative of a strong ligamentous connec- 



Fig. 36. Comparative lateral views of the articulated skeletons, trunk vertebrae, and pelvis of A, S. stirlingi, based on the 
holotype SAM P22533, a male; B, S. tindalei based mostly on AMNH 117493, a female; and C, Macropus giganteus , SAM 
M667, a male; all to the same scale. 









1995 


WELLS AND TEDFORD: AUSTRALIAN PLEISTOCENE STHENURUS 


83 


tion, which is less well developed in S. tin- 
dalei. Even the cervical vertebrae in these 
species with their short, almost platycoelous, 
centra would almost totally eliminate neck 
flexibility. 

In summary, it appears that in these sthen- 
urines selection has favored the development 
of a rigid backbone capable of limited flexion 
in the dorsoventral plane, with a trunk and 
hind limb musculature having maximum 
mechanical advantage either in the early phase 
of propulsion or in rotation of the body about 
the hip joint when standing. The relatively 
short tail with restricted lateral movement, 
in combination with a monodactyl pes and 
rigid backbone, creates the impression of a 
locomotory mode of limited maneuverabil¬ 
ity. All these features are not inconsistent with 
the broad pelvis and long epipubic bones that 
possibly function to support the large bulk of 
the alimentary canal expected in a browsing 
mammal. 

The forelimb of the sthenurine kangaroos, 
although relatively no longer than that of the 
larger macropodines, is proportionally dif¬ 
ferent. Selection has favored an increase in 
the length of the manus and a concomitant 
reduction in that of the radius and ulna. The 
greatly elongated central digits are capable of 


considerable flexion, greatly increasing their 
prehensile ability. Paradoxically, the wrist, 
although pivoting about the prominent sty¬ 
loid process of the ulna, lacks the ellipsoid 
form to the carpus, thereby restricting move¬ 
ment largely to extension and flexion. How¬ 
ever, the subequally developed radius and 
ulna allow for considerable pronation and su¬ 
pination. The olecranon process, out-lever of 
the triceps, is relatively short in comparison 
with the in-lever of the biceps. This lessens 
the ability of the triceps and anconeus to re¬ 
sists flexion of the elbow under pressure of 
the body weight or provide propulsion during 
quadrupedal locomotion, and probably re¬ 
lates to the emancipation of the forelimb from 
a locomotory role. The long and strong acro¬ 
mion process of the scapula, large infraspi- 
nous fossa, large and strong clavicles, and 
broad sternum are all features suggesting ad¬ 
aptations for reaching and pulling with the 
forearms. Indeed, the acromion process is long 
enough to allow the clavicle to pass over the 
coracoid process when the forearm is raised, 
a feature not found in macropodine kanga¬ 
roos. This latter characteristic suggests that 
the forearms may well have been particularly 
adapted as tools used in the procurement of 
browse. 


CONCLUSIONS 


This study of sthenurine kangaroo remains 
from Lake Callabonna, South Australia, has 
treated their comparative morphology and 
functional anatomy, as well as the system- 
atics of species within the genus Sthenurus. 
We have also considered the history of the 
stratigraphic succession exposed at Lake Cal¬ 
labonna and the mode of accumulation of the 
remains. The deposits at Lake Callabonna are 
of special significance in the study of large 
Pleistocene marsupials in that well-preserved 
remains of individual animals can be recov¬ 
ered in reasonable articulation and quantity. 
In the case of the Sthenurus material de¬ 
scribed above, this provides an unprece¬ 
dented view of the osteology of new taxa and 
of forms known from much more incomplete 
material. The presence of such complete ma¬ 
terial allows much fuller ancillary studies in 
functional anatomy and variation. 


Our stratigraphic and geochronologic re¬ 
sults show that the fossil vertebrate remains 
at Lake Callabonna accumulated in a shal¬ 
low, saline lacustrine basin, considerably 
larger in dimensions than the present-day sa- 
lina. The fossil fauna lived in medial Pleis¬ 
tocene time sometime within the span 0.2- 
0.7 Ma. At the time of accumulation, the 
vicinity of the lake supported a more arbo¬ 
rescent flora than that of today, but one con¬ 
taining most of the same taxa that presently 
exist in better watered parts of the surround¬ 
ing region. The stratigraphic record indicates 
dry climatic cycles of yearly or greater peri¬ 
odicity. The mode of entrapment of the an¬ 
imals was by bogging, and hence the fossil 
fauna is biased toward large, heavy mammals 
and ratite birds. This type of entrapment pro¬ 
vides articulated remains as well as some un¬ 
usual modes of preservation such as impres- 
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sions of tissues (skin) due to the evaporitic 
geochemical environment within the enclos¬ 
ing sediments. 

Remains of sthenurine kangaroos were rel¬ 
atively common at site 4, and we have iden¬ 
tified three closely related species within the 
genus Sthenurus Owen, 1873. Apart from 
their primitive living representative Lagos- 
trophus, the Sthenurinae are a unique sub¬ 
family of Macropodidae known principally 
from Pliocene and Pleistocene deposits in 
Australia (they are so far unknown in New 
Guinea). The fossil forms are characterized 
by virtual monodactyly of the pes, great mod¬ 
ification of the manus and forelimb, and many 
other aspects of the skeleton that make their 
remains readily identifiable with respect to 
other kangaroos. Their deep skulls and robust 
mandibles and strongly bilophodont teeth 
lacking prominent longitudinal crests 
(“links”) have long been the most easily dis¬ 
tinguished remains. The postcranial materi¬ 
als reported here for the first time now enable 
recognition of most of the bones of the sthen¬ 
urine skeleton. 

Prior to this work, the most completely 
known fossil sthenurine was Procoptodon go- 
liah based on a referred specimen from the 
late Pleistocene deposits at Lake Menindee, 
New South Wales (Tedford, 1967). In this 
specimen, fragments of much of the appen¬ 
dicular skeleton were represented, and these 
now provide a basis for comparison with the 
Sthenurus skeletons from Lake Callabonna. 
The very close resemblance of the postcranial 
skeleton of the largest Sthenurus , S. stirlingi , 
and Procoptodon goliah shows that there is a 
unique suite of features that unite these taxa 
despite the differences in their skulls and den¬ 
titions. 

The three Callabonna Sthenurus species dif¬ 
fer in size: S. andersoni Marcus, 1962 is the 
smallest, about the size of the living euros 
( Osphranter ); S. tindalei Tedford, 1966 and 
S. stirlingi (described in this paper) are closer 
in size, the latter being the largest. Strong 
sexual dimorphism appears to characterize 
the genus, resulting in size overlap between 
individuals of the larger taxa. The large spe¬ 
cies equal the largest living kangaroos in 
lengths of appendicular bones, but compa¬ 
rable sthenurine elements are heavier and the 
axial skeleton has different proportions. 

The strong morphological differences be¬ 


tween the skeleton of sthenurines and living 
kangaroos inhibit functional anatomical 
analysis for lack of a closely comparable liv¬ 
ing model. Despite the completeness of skel¬ 
etal material, our results are somewhat equiv¬ 
ocal. Dentally, most sthenurines seem to fit 
the browsing grade in Sanson’s (1978) model. 
The exception is Procoptodon , whose strong¬ 
ly linked cheek teeth correspond to the graz¬ 
ing-grade despite the lack of a cropping in¬ 
cisive battery. There are no comparable large 
browsing kangaroos in the present-day fauna, 
yet the sthenurines constituted a diverse group 
of species in the Pleistocene (Bartholomai, 
1963; Tedford, 1966). Further evidence in¬ 
dicative of a browsing adaptation is found in 
the osteology of the forelimb with its greatly 
elongated manus with strongly reduced lat¬ 
eral digits. The slender forearm and humerus 
and curiously humanlike scapula are all fea¬ 
tures suggesting mobility of the forelimb and 
ability to raise the limb above the head to 
procure browse. The forelimb seems to have 
become emancipated from its primitive lo¬ 
comotor role to a degree not seen in living 
kangaroos. These differences suggest that 
Sthenurus was mostly a stand-up browser and 
the axial and hind limb structures reinforce 
this notion. The spinal column is constructed 
to eliminate flexibility with its short cervical 
column, thoracics, and lumbars with reduced 
sites for insertion of the axial muscles flexing 
the back and short tail with similarly reduced 
flexors. The lumbar vertebrae on the other 
hand have greatly enlarged metapophyses that 
would give greater leverage in extension of 
the fore end of the body. The axial column 
seems organized as a rigid structure capable 
of limited flexion, but of considerable exten¬ 
sion of the anterior part of the body that would 
be important in stretching upward for high 
browsing. 

The striking differences in form of the 
sthenurine pelvis when compared to macro- 
podines seems related to flexion and adduc¬ 
tion of the thigh required to support the large¬ 
bodied animal when standing, raising the 
body when feeding, or in the initial phase of 
bipedal locomotion. Hind limb element pro¬ 
portions in Sthenurus do not differ signifi¬ 
cantly from Macropus , but the limbs are lon¬ 
ger relative to the axial column and have more 
massive cross sections. The hind limb and 
foot of sthenurines use the elastic properties 
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of tendons and ligaments to augment mus¬ 
cular action across joints, especially at the 
knee and plantar parts of the pes. A complex 
spring mechanism involving the mortised 
tibia-fibula articulation, fibula-femur artic¬ 
ulation, and collateral ligaments binding the 
later joint indicate a mechanism for realign¬ 
ing the lower limb during the suspended phase 
of propulsion so that the feet are positioned 
centrally prior to landing. Sthenurines show 
great elaboration of the sesamoidean and col¬ 
lateral ligaments of the pes that would pro¬ 
vide increased spring-flexion of the foot dur¬ 
ing the propulsive phase of locomotion and 
would also provide tension of the phalangeal 
array during extension of the foot while 
standing on the distal phalanges during high 
browsing. 

The overall impression our functional 


speculations have produced is that Sthenurus 
was a bulky, browsing kangaroo that sacri¬ 
ficed quadrupedal or pentapedal movement 
for greater dependence on bipedal saltation 
and extension of the body and forelimbs for 
higher browsing. Just how the three species 
coexisting at Lake Callabonna partitioned this 
broad feeding niche beyond utilizing plants 
of different height is difficult to understand. 
Our functional analysis of the dentition and 
jaws suggests different masticatory mecha¬ 
nisms that may be related to differences in 
browse among these species. Other sthenu- 
rine faunas (Tedford, 1966: fig. 20) are sim¬ 
ilarly diverse and may have several taxa of 
closely comparable size that challenge our 
understanding of a group with only a single, 
very primitive living representative ( Lagos - 
trophus; Flannery, 1983). 
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TABLE 1 

Measurements of Skulls of Sthenurus 


Measurements 

S. stirlingi 

SAM SAM 
P22533 P12882 

S. tindalei 

AMNH AMNH 
117493 117491 

Condylobasal length, ant. edge I 1 to post, edge occipital condyle 

— 

312.3 

_ 

— 

Bizygomatic width 

151.0 

— 

129.5 

— 

Width across paroccipital process 

Palatal length, post, edge post, palatine bar to post, edge 

115.0 

— 

82.1 

— 

I 1 alveolus 

154.1 

180.0 

136.0 

152 

Diastema length, post, edge I 3 alveolus to ant. edge P 3 alveolus 

46.8 

60.0 

52.0 

53.4 

Palatal width at ant. root M 1 

43.5 

41.1 

40.8 

— 

Palatal width at ant. root M 4 

44.4 

54.2 

41.3 

_ 

Palatal width at I 3 

33.5 

22.1 

21.0 

25.5 

Palatal width at P 3 

44.3 

45.3 

40.8 

46 

Max. width across premaxillary at narial opening 

66.5 

— 

66.0 

48 

Max. length of nasals 

134.0 

— 

— 

93.9 

Max. width across nasals at nasofrontal suture 

68.0 

— 

— 

— 

Length of malar process 

Elevation of ventral surface of foramen magnum above 

13.7 

— 

8.9 

— 

occlusal plane at M 4 

55.9 

— 

— 

— 




TABLE 2 

Measurements of Upper Incisors of Sthenurus 






V 




I 2 



I 3 




L 

AW 

PW 

Height 
of crown 

L 

Height 
Width of crown 

L 

AW 

PW 

Height 
of crown 

S. stirlingi 

SAM P22533 

10.0 

2.9 

6.7 

25.0 

5.0 

6.7 

16.1 

21.0 

7.8 

5.0 

17.0 

SAM PI2882 

9.2 

— 

7.8 

14.9 

3.8 

7.5 

12.7 

— 

— 

9.6 

24.9 

AM 117496 

8.0 

8.2 

8.2 

— 

4.8 

9.4 

— 

18.3 

12.4 

8.2 

— 

AM 117495 

- 

- 

- 

- 

7.0 

7.7 

21.2 

20.2 

7.4 

2.4 

23.5 

S. tindalei 

AM 117493 

9.0 

3.4 

5.7 

18.8 

4.4 

5.6 

11.5 

27.2 

5.4 

1.5 

13.4 

AM 117491 

8.7 

2.8 

6.1 

9.8 

4.7 

6.0 

9.5 

14.5 

8.6 

3.5 

14.1 


L: length; AW: width anteriorly; PW: width posteriorly. 








TABLE 3 

Measurements of Upper Cheek Teeth of Sthenurus 
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L: length; AW: width anteriorly; PW: width posteriorly. 
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TABLE 5 

Comparative Measurements of Cheek Teeth of S. andersoni 


Dimension 

Marcus, 1962 

Jc O.R. 

Callabonna 

P13673 

Tedford, 1966 

Dimension O.R. 

Callabonna 

P13673 




Left 

Right 



Left 

P 3 length 

15.09 

14.4-16.3 

14.2 

14.2 

P 3 length 

14.6-15.9 

15.35 

Width anteriorly 

6.44 

6.2-7.0 

5.4 

5.4 

Width anteriorly 

7.3-8.2 

7.35 

Width posteriorly 

7.03 

6.6-7.6 

- 

7.2 

Width posteriorly 

9.4-10.4 

8.80 

M, length 

11.80 

11.4-11.9 

9.2 

9.0 

M 1 length 

11.0-11.4 

10.3 

Width protolophid 

8.48 

8.2-8.9 

— 

— 

Width protoloph 

10.7-11.2 

10.7 

Width hypolophid 

8.74 

8.5-8.9 

8.6 

8.6 

Width metaloph 

10.9-11.8 

10.9 

M 2 length 

13.28 

12.5-13.8 

10.0 

11.0 

M 2 length 

12.4-13.0 

11.4 

Width protolophid 

9.94 

9.6-10.2 

9.5 

— 

Width protoloph 

11.2-12.8 

12.3 

Width hypolophid 

9.92 

9.7-10.2 



Width metaloph 

11.0-12.8 

12.35 

M 3 length 

13.80 

12.6-14.3 

11.0 

— 

M 3 length 

13.1-13.6 

13.1 

Width protolophid 

11.10 

10.8-11.4 

10.9 

— 

Width protoloph 

11.2-13.0 

12.35 

Width hypolophid 

10.70 

10.5-11.2 

- 

- 

Width metaloph 

10.9-12.4 

11.75 

M 4 length 

13.0 

12.7-13.5 

11.5 

_ 

M 4 length 

12.8-12.8 

13.0 

Width protolophid 

10.95 

10.6-11.3 

— 

— 

Width protoloph 

10.7-11.0 

11.9 

Width hypolophid 

10.07 

9.7-10.4 

- 

- 

Width metaloph 

9.5-9.8 

10.2 

Mandible at M 2 _ 3 








Depth 

27.70 

26.4-30.3 

29.6 

28.0 




Width 

14.42 

13.0-15.4 

16.5 

15.4 




x: Mean; O.R.: observed range. 









TABLE 6 





Measurements of Atlas and Axis Vertebrae of Sthenurus 






S. stirlingi 

S. tindalei 





SAM 

AMNH 

AMNH 

AMNH 

Measurements 


P22533 

117496 

117493 

117499 

Atlas 








Anteropost. length across neural 






arch at center line 



22.7 

20.5 

19.2 

— 

Dorsoventral diam. neurapophyses 






to neural spine 



40.5 

30.5 

36.0 

— 

Max. width across condylar articulation 


61.8 

51.5 

52.8 

— 

Max. width across postzygapophyses 


48.3 

a41 

45.3 

— 

Transverse width across diapophysis 


120.3 

a98 

a87 

— 

Axis 








Length of odontoid process 


11.8 

8.6 

9.2 

— 

Diam. of odontoid process 


13.0 

10.8 

10.7 

— 

Max. width across prezygapophyses 


49.4 

40.4 

42.5 

— 

Transverse diam. of centrum 


30.0 

24.4 

25.0 

— 

Dorsoventral diam. of centrum 


27.3 

12.8 

13.8 

— 

Anteropost. length of centrum 


34.2 

29.0 

31 

— 

Max. diam. ventral surface centrum 






to dorsal neural crest 



59.0 

— 

— 

— 

Max. anteropost. length neural crest 


35.2 

— 

— 

45.5 

Max. width across postzygapophyses 


a52 

41.0 

— 

— 

Max. width across transverse 






processes 




a66 

— 

— 

— 


a: Approximate measurement. 
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117491. 5. andersoni: E, SAM PI3763. a: Approximate measurement. 
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TABLE 10 

Measurements of Caudal Vertebrae of Sthenurus 



Caudal 1 

Caudal 2 Caudal 3 


Caudal 4 

Measurements Specimens: 

A 

B 

A B 

C A D B 

c 

A 

D 

Max. length of centrum 
Dorsoventral diam. centrum 

30.2 

36.2 

27.8 37.9 

35.5 28.1 40.7 39.8 

35.2 

32.0 

42.5 

anteriorly 

Transverse diam. centrum 

20.9 

28.8 

19.2 30.2 

- 19.9 30.9 25.6 

25.4 

19.7 

30.0 

anteriorly 

Dorsoventral diam. centrum 

22.6 

35.0 

24.9 36.0 

- 23.5 40.2 35.5 

31.6 

23.0 

37.9 

posteriorly 

Transverse diam. centrum 

19.2 

29.3 

19.7 29.5 

24.7 20.4 31.5 27.0 

25.5 

18.8 

30.0 

posteriorly 

Transverse width across 

30.3 

38.0 

23.9 36.7 

35.3 24.0 41.2 36.2 

32.4 

22.6 

40.9 

diapophyses 

Transverse width across 

57.9 

— 

65.6 80 

69 - 100 85.7 

68.0 

— 

97 

postzygapophyses 

Ant. edge prezygapophyses to 

— 

33.6 

24.6 36.2 

- 36.4 

27 

— 

31.5 

post, edge postzygapophyses 

— 

54.5 

42.4 53.7 

- 54.9 

50.8 

40.3 

59.1 


Caudal 4 


Caudal 5 

Caudal 6 


Measurements Specimens: 

B 

C 

A 

D B C A 

D 

B 

E 

Max. length of centrum 

40.4 

33.7 

36.7 50.0 44.3 38.5 52.0 

62.5 

55.6 

46.7 

Dorsoventral diam. centrum 








anteriorly 

27.6 

25.0 

19.6 30.0 26.8 22.6 18.6 

30.4 

27.2 

25.0 

Transverse diam. centrum 








anteriorly 

34.7 

30.0 

24.1 36.0 35.0 30.0 23.2 

37.3 

35.5 

30.9 

Dorsoventral diam. centrum 








posteriorly 

27.8 

25.1 

19.0 30.2 27.2 22.6 17.8 

— 

— 

— 

Transverse diam. centrum 








posteriorly 

37.0 

30.7 

27.2 41.4 37.5 33.7 21.4 

— 

— 

— 

Transverse width across 








diapophyses 

77 

72.2 

40.8 87 73.9 72.9 - 

— 

— 

— 

Transverse width across 








postzygapophyses 

30.5 

29 

42.9 24.4 24.3 23 - 

— 

— 

— 

Ant. edge prezygapophyses to 








post, edge postzygapophyses 

55.1 

51.9 

- 60.3 54.4 48.0 - 

— 

— 

— 


Caudal 7 


Caudal 8 

Caudal 9 


Measurements Specimens: 

A 

D 

B C 

A D B A 

D 

C 

F 

Max. length of centrum 

52.6 

72.7 

61 56.0 51.1 76.9 56 47.8 

77.5 

59.0 

65.7 

Dorsoventral diam. centrum 








anteriorly 

17.9 

30.9 

28.2 24.5 17.2 31.5 - 15.7 

33.3 

— 

27.2 

Transverse diam. centrum 








anteriorly 

21.7 

41.9 

36.3 33.0 - 40.8 - 17.9 

43.3 

_ 

34.6 

Dorsoventral diam. centrum 
posteriorly 

Transverse diam. centrum 

17.6 

- 


- - - 14.5 

- 

- 

- 

posteriorly 

19.7 

- 

- 

19.8 - - 17.8 

- 

- 

- 


Letters refer to the following taxa and specimens: S. andersoni: A, SAM PI3673. S. stirlingi: B, AMNH 117496; 
D, SAM P22533; E, AMNH 117495. S. tindalei: C, AMNH 117493; F, AMNH 117491. 
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TABLE 10— (Continued) 



Caudal 10 


Caudal 11 


Caudal 12 

Caudal 13 

Measurements Specimens: 

A 

D C 

A 

D 

E 

C 

A 

D C 

A 

D 

C 

Max. length of centrum 
Dorsoventral diam. centrum 

44.4 

76.8 59.0 

40.3 

69.3 

52.4 

57.8 

35.2 

65.0 56.5 

29.8 

58.3 

53.5 

anteriorly 

Transverse diam. centrum 

14.7 

33.3 - 

14.0 

29.0 

23.3 

— 

11.4 

26.6 - 

10.8 

17.2 

— 

anteriorly 

Dorsoventral diam. centrum 

17.4 

42.7 - 

15.5 

33.5 

28.0 

— 

14.0 

31.6 - 

12.0 

25.5 

— 

posteriorly 

Transverse diam. centrum 

13.8 

— — 

12.7 

— 

— 

— 

10.9 

— — 

— 

— 

— 

posteriorly 

16.0 

- - 

- 

- 

- 

- 

13.0 

- - 

11.0 

- 

- 


TABLE 11 

Measurements of Scapula, Humerus, and Radius of Sthenurus 


S. stirlingi S. tindalei S. andersoni 


Measurements 

SAM 

P22533 

AMNH 

117497 

AMNH 

117494 

AMNH 

117495 

AMNH 

117493 

AMNH 

117499 

SAM 
PI 3673 

Scapula 

Anteropost. diam. glenoid cavity 

40.5 

29.0 

a42 

21.4 

28.7 

38.0 

19.5 

Transverse diam. glenoid cavity 

26.1 

17.5 

30.0 

16.1 

17.8 

21.8 

11.9 

Anteropost. diam. from ant. edge 
coracoid process to post, border 

scapula above glenoid cavity 

60.2 

46.2 

67.3 

31.4 

45.1 

59.4 

— 

Anteropost. diam. from scapular notch 

to post, border scapula 

44.2 

33.5 

— 

26.0 

29.3 

39.9 

— 

Humerus 

Greatest length 

256.5 

194.5 

— 

— 

184.0 

238.0 

151.8 

Min. anteropost. diam. shaft 

21.0 

16.3 

— 

— 

14.4 

18.6 

10.4 

Min. transverse diam. shaft 

23.0 

16.7 

— 

— 

15.0 

19.4 

10.5 

Transverse diam. trochlea 

46.5 

39.5 

45.0 

— 

34.1 

52.0 

24.1 

Max. transverse diam. distal end 

82.0 

67.2 

— 

— 

54.0 

77.0 

38.4 

Min. anteropost. diam. trochlea 

13.8 

11.7 

23.5 

— 

9.2 

19.2 

13.2 

Head to distal pectoralis crest 

142.0 

116.8 

— 

— 

90.0 

131.5 

79.0 

Head to distal deltoid crest 

113.3 

88.4 

- 

— 

73.5 

102.7 

56.5 

Radius 

Max. length less distal epiphysis 

273.0 

— 

— 

205 

— 

— 

176.6 

Max. length with distal epiphysis 

— 

229.5 

— 

14.3 

— 

— 

— 

Anteropost. diam. shaft at midpoint 

19.5 

15.9 

— 

14.3 

— 

— 

9.4 

Transverse diam. shaft at midpoint 

14.9 

10.8 

— 

10.0 

— 

— 

— 







1995 


WELLS AND TEDFORD: AUSTRALIAN PLEISTOCENE STHENURUS 


97 


TABLE 12 

Measurements of Ulna of Sthenurus 


S. Stirlingi S. tindalei S. andersoni 


Measurements 

SAM 

P22533 

AMNH AMNH 
117496 117497 

AMNH AMNH 
117495 117493 

AMNH 

117499 

SAM 

P13673 

Max. length less distal epiphysis 

310.0 

_ 

_ 

233.5 

233.0 

— 

_ 

Max. length with distal epiphysis 

323.5 

264.5 

— 

— 

— 

278.5 

200.0 

Length of olecranon from coronoid process 

63.4 

41.0 

48.9 

38.0 

39.7 

42.8 

28.0 

Dorsoventral diam. post, end olecranon 

22.3 

15.3 

17.7 

16.5 

15.9 

15.4 

12.0 

Transverse diam. post, end olecranon 

16.0 

13.5 

12.2 

12.0 

12.1 

12.1 

8.9 

Dorsoventral diam. at semilunar notch 

26.4 

17.4 

20.0 

15.5 

15.8 

17.1 

12.5 

Transverse diam. across anconeal process 
Transverse diam. across coronoid- 

20.7 

13.0 

15.5 

13.0 

12.0 

13.9 

8.2 

radial facet 

Dorsoventral diam. shaft distal 

36.2 

27.3 

29.9 

22.0 

22.0 

26.7 

17.8 

to radial facet 

Transverse diam. shaft distal 

27.9 

18.8 

21.1 

19.5 

18.5 

18.5 

13.0 

to radial facet 

Dorsoventral diam. shaft at 

14.5 

11.0 

11.1 

11.0 

11.3 

12.3 

7.9 

midpoint 

19.5 

12.8 

14.4 

11.1 

10.0 

12.0 

7.7 

Transverse diam. shaft at midpoint 

10.1 

7.1 

8.8 

7.3 

7.2 

6.8 

6.2 

Dorsoventral diam. of styloid process 

17.4 

13.2 

— 

- 

- 

13.0 

8.6 


TABLE 13 

Measurements of Metacarpals I-III of Sthenurus 


S. 

S. Stirlingi S. tindalei andersoni 

SAM AMNH AMNH AMNH AMNH AMNH SAM 
Measurements P22533 117496 117494 117497 117493 117491 P13673 


Metacarpal I 

Maximum length 23.2 

Dorsoventral diam. shaft prox. end 6.5 

Transverse diam. shaft prox. end 6.9 

Dorso ventral diam. shaft midshaft 6.3 

Transverse diam. shaft midshaft 6.3 

Dorsoventral diam. shaft distal end 6.0 

Transverse diam. shaft distal end 7.5 

Metacarpal II 

Maximum length 62.9 

Dorsoventral diam. shaft prox. end 14.5 

Transverse diam. shaft prox. end 12.0 

Dorsoventral diam. shaft midshaft 11.4 

Transverse diam. shaft midshaft 11.0 

Dorsoventral diam. shaft distal end 12.0 

Transverse diam. shaft distal end 16.5 

Metacarpal III 

Maximum length 64.4 

Dorsoventral diam. shaft prox. end 15.0 

Transverse diam. shaft prox. end 13.5 

Dorsoventral diam. shaft midshaft 11.2 

Transverse diam. shaft midshaft 11.1 

Dorsoventral diam. shaft distal end 12.1 

Transverse diam. shaft distal end 16.8 


16.4 

— 

21.1 

— 

— 

18.2 

5.6 

— 

7.7 

— 

— 

5.5 

5.3 

— 

7.7 

— 

— 

4.3 

4.2 

— 

5.5 

— 

— 

— 

3.1 

— 

5.5 

— 

— 

— 

5.2 

— 

7.7 

— 

— 

- 

6.7 

— 

7.7 

— 

— 

_ 


51.7 

— 

51.1 

43.8 

— 

32.9 

12.7 

— 

12.3 

11.0 

— 

8.8 

10.6 

— 

10.0 

9.5 

— 

6.7 

9.4 

— 

9.0 

7.5 

— 

5.9 

8.4 

— 

8.8 

7.4 

— 

5.6 

10.8 

— 

11.1 

8.4 

— 

7.2 

14.7 

— 

14.4 

12.4 

— 

8.7 

53.3 

65.3 

54.4 

45.2 

51.0 

34.8 

13.7 

15.7 

13.3 

10.8 

11.9 

8.2 

11.5 

13.7 

12.2 

10.8 

11.8 

7.0 

9.2 

10.6 

10.0 

8.2 

7.6 

8.0 

8.6 

12.2 

9.9 

8.1 

8.2 

6.0 

10.5 

13.0 

10.0 

8.4 

9.5 

— 

15.1 

18.3 

15.5 

11.5 

14.3 

9.4 
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TABLE 14 

Measurements of Metacarpals IY and Y of Sthenurus 


Measurements 


S. stirlingi 



S. tindalei 

SAM 

P22533 

AMNH 

117496 

AMNH AMNH AMNH 
117494 117497 117493 

AMNH 

117499 

AMNH 

117491 

Metacarpal IV 








Maximum length 

50.4 

40.6 

51.9 

40.0 

35.2 

_ 

39.5 

Dorsoventral diam. shaft prox. end 

13.1 

11.2 

14.7 

10.1 

9.7 

_ 

10.9 

Transverse diam. shaft prox. end 

11.6 

9.3 

12.9 

10.1 

9.2 

_ 

9.8 

Dorsoventral diam. shaft midshaft 

8.9 

7.4 

9.1 

7.7 

6.8 

_ 

6.7 

Transverse diam. shaft midshaft 

8.9 

6.8 

10.1 

7.7 

6.8 

_ 

7.0 

Dorsoventral diam. shaft distal end 

10.2 

9.5 

11.4 

10.0 

8.0 

_ 

9.2 

Transverse diam. shaft distal end 

14.3 

12.2 

14.5 

12.0 

10.0 

— 

11.5 

Metacarpal V 








Maximum length 

27.9 

21.0 

_ 

21.1 

_ 

_ 

20.5 

Dorsoventral diam. shaft prox. end 

7.5 

7.5 

_ 

7.7 

_ 

_ 

6.1 

Transverse diam. shaft prox. end 

8.8 

6.2 

— 

6.7 

— 

_ 

5.5 

Dorsoventral diam. shaft midshaft 

4.8 

4.5 

— 

5.6 

_ 

_ 

4.1 

Transverse diam. shaft midshaft 

4.8 

5.0 

— 

6.6 

_ 

_ 

4.5 

Dorsoventral diam. shaft distal end 

8.0 

6.1 

_ 

6.6 

_ 

_ 

6.1 

Transverse diam. shift distal end 

6.2 

7.3 

- 

7.7 

- 

- 

7.1 



TABLE 15 






Measurements of Phalanges of Digit III of the Manus of Sthenurus 




S. stirlingi 



S. tindalei 


SAM 

AMNH 

AMNH 

AMNH 

AMNH 

AMNH 

Measurements 

P22533 

117496 

117494 

117497 

117493 

117491 

Proximal phalanx digit III 








Maximum length 

35.4 

29.0 

41.2 

27.7 


28.0 

29.7 

Dorsoventral diam. prox. end 

13.5 

12.1 

15.1 

12.2 


10.3 

11.0 

Transverse diam. prox. end 

20.4 

17.4 

21.5 

17.7 


14.7 

16.0 

Dorsoventral diam. distal end 

11.2 

9.0 

12.5 

10.0 


8.3 

9.3 

Transverse diam. distal end 

16.7 

13.0 

17.3 

14.4 


12.3 

13.5 

Medial phalanx digit III 








Maximum length 

29.6 

24.0 

— 

24.4 


_ 

24.0 

Dorsoventral diam. prox. end 

13.7 

10.9 

14.5 

11.1 


9.5 

10.9 

Transverse diam. prox. end 

19.2 

15.2 

19.5 

14.4 


13.5 

15.2 

Dorsoventral diam. distal end 

13.0 

9.9 

— 

10.0 


— 

9.9 

Transverse diam. distal end 

16.1 

12.2 

- 

13.3 


— 

12.5 

Distal phalanx digit III 








Maximum length 

67.2 

— 

70.0 

65.6 


53.3 

_ 

Dorsoventral diam. prox. end 

15.6 

14.7 

16.2 

12.2 


10.9 

— 

Transverse diam. prox. end 

18.4 

— 

19.7 

15.5 


12.9 

- 
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TABLE 16 

Measurements of Phalanges of Digit IV of the Manus of Sthenurus 




S. stirlingi 


S . tindalei 

Measurements 

SAM 

P22533 

AMNH 

117496 

AMNH 

117494 

AMNH 

117497 

AMNH 

117493 

AMNH 

117491 

Proximal phalanx digit IV 

Maximum length 

30.3 

24.1 

34.4 

23.3 

27.8 

25.3 

Dorsoventral diam. prox. end 

11.5 

11.0 

— 

10.0 

10.5 

9.9 

Transverse diam. prox. end 

17.3 

15.7 

18.4 

15.4 

15.1 

14.4 

Dorsoventral diam. distal end 

9.2 

7.1 

— 

7.8 

7.9 

6.5 

Transverse diam. distal end 

14.0 

10.8 

- 

11.1 

11.2 

10.2 

Medial phalanx digit IV 

Max. length 

24.0 

18.7 

25.6 

18.8 

— 

18.8 

Dorsoventral diam. prox. end 

11.8 

10.0 

10.9 

10.0 

9.4 

10.0 

Transverse diam. prox. end 

15.7 

13.0 

15.8 

12.2 

13.3 

13.0 

Dorsoventral diam. distal end 

9.5 

7.5 

10.1 

8.8 

— 

7.5 

Transverse diam. distal end 

13.2 

10.0 

14.3 

10.1 

- 

10.0 

Distal phalanx digit IV 

Maximum length 

50.4 

45.2 

— 

50.0 

45.3 

42.7 

Dorsoventral diam. prox. end 

12.5 

10.1 

14.3 

10.0 

10.7 

10.3 

Transverse diam. prox. end 

14.8 

12.0 

16.0 

12.2 

12.5 

12.9 


TABLE 17 

Measurements of Phalanges of Digit V of the Manus of Sthenurus 




S. stirlingi 


S. tindalei 

Measurements 

SAM 

P22533 

AMNH 

117496 

AMNH 

117494 

AMNH 

117497 

AMNH 

117491 

Proximal phalanx digit B 

Maximum length 

19.6 

14.0 

21.2 

13.3 

15.3 

Dorsoventral diam. prox. end 

7.7 

6.3 

9.5 

6.6 

6.6 

Transverse diam. prox. end 

11.1 

8.8 

12.0 

8.8 

8.5 

Dorsoventral diam. distal end 

5.7 

4.2 

6.6 

4.4 

4.3 

Transverse diam. distal end 

8.3 

5.8 

10.4 

6.6 

6.3 

Medial phalanx digit V 

Maximum length 

15.0 

9.7 

14.3 

9.9 

9.8 

Dorsoventral diam. prox. end 

7.2 

5.4 

8.6 

5.5 

— 

Transverse diam. prox. end 

8.7 

6.6 

10.0 

6.6 

— 

Dorsoventral diam. distal end 

5.7 

4.7 

6.8 

5.5 

— 

Transverse diam. distal end 

8.5 

6.0 

7.7 

6.7 

- 

Distal phalanx digit V 

Maximum length 

21.3 

16.1 

22.7 

21.1 

— 

Dorsoventral diam. prox. end 

6.9 

6.3 

10.0 

6.7 

— 

Transverse diam. prox. end 

8.0 

6.1 

8.8 

6.0 

— 
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TABLE 18 

Measurements of Pelvis of Sthenurus 




S. stirlingi 


S. tindalei 

Measurements 

SAM 

P22533 

AMNH 

117496 

AMNH 

117497 

AMNH 

117495 

AMNH 

117493 

AMNH 

117499 

Length ant. end ilium to post, 
border ischium 

410.1 


352.0 

280.5 

a287 

350.0 

Greatest depth ilium 

56.0 

54.9 

60.6 

44.2 

50.3 

53.1 

Length ant. edge acetabulum 
to ant. end ilium 

237.5 


203.0 

152.0 

al53 

183.0 

Length ant. edge acetabulum to post, 
border ischium 

178.4 

144.6 

158.0 

al40 

146.2 

172.8 

Diam. of acetabulum measured at right 
angles to long axis of acetabular 
fossa 

61.5 

55.3 

45.3 

63.4 

57.0 

58.7 

Long diam. of obturator foramen 

100.2 

77.4 

91.0 

— 

71.6 

86.8 

Greatest diam. of obturator 
normal to long diam. 

70.8 


45.5 

_ 

61.4 

68.8 

Length of pubic symphysis 

85.0 

a65 

82.5 

- 

86.4 

— 

Lateromedial length of ilium 
at distal end 

83.7 

— 

67.7 

55.0 

a47 

65.8 


a: Approximate measurement. 












TABLE 20 

Measurements of Tarsals of Sthenurus 
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TABLE 23 

Sthenurus Species from Lake Callabonna Ranked According to Sex and Dental Age 



Sex 

P2 

P3 

Ml 

M2 

M3 

M4 

S. stirlingi 

AMNH 117498 

M 

— 

— 

L+ 

L+ 

L 

L 

AMNH 117494 

SAM PI2882 

M 

M 

— 

IV 

L+ 

L+ 

L 

L 

SAM P22533 

M 

— 

II 

M 

E 

B 

U 

AMNH 117495 

?M 

Ill 

— 

B 

U 

U 

U 

AMNH 117496 

F 

— 

IV 

L+ 

L+ 

L 

L 

AMNH 117497 

F 

- 

III 

L 

M 

M 

E 

S. tindalei 

AMNH 117491 

M 

— 

IV 

L+ 

L+ 

L 

M 

AMNH 117499 

M 

— 

III 

L+ 

L+ 

L 

M 

AMNH 117493 

F 

— 

II 

L 

M 

E 

U 

AMNH 117492 

F 

- 

II 

L 

M 

E 

u 

S. andersoni 

SAM PI3673 

? 

- 

IV 

L+ 

L+ 

L 

L 


TABLE 24 

Differences in Mean Head, Foreleg, and Hind Leg Lengths for Male and Female M. giganteus of 
Known Age Expressed as a Percentage of Male Parameter (After Poole et al., 1984) Along with the 
Molar Indexes (M.I.; After Kirkpatrick, 1964) 


Age 

(months) 

M.I. 


Head 



Foreleg 



Hind leg 


Male 

Female 

% 

Male 

Female 

% 

Male 

Female 

% 

15 

0.65 

152.2 

143.3 

5.85 

161.2 

146.1 

9.37 

396.0 

371.4 

6.21 

18 

0.90 

163.1 

152.0 

6.8 

178.2 

157.4 

11.67 

429.1 

395.9 

7.74 

21 

1.14 

171.3 

158.4 

7.5 

191.4 

165.9 

13.32 

454.3 

414.2 

8.83 

24 

1.39 

177.6 

163.4 

8.0 

201.9 

172.6 

14.51 

474.0 

428.5 

9.60 

30 

1.88 

186.9 

170.6 

8.72 

217.4 

182.4 

16.10 

502.9 

449.1 

10.7 

36 

2.37 

193.3 

175.5 

9.21 

228.3 

189.2 

17.13 

523.1 

463.4 

11.4 
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TABLE 27 

Ratios of Skeletal Proportions of Extant Macropodines and Callabonna Sthenurines 



Forelimb/ 
vert, column 

Hind limb/ 
vert, column 

Humerus/ulna 

Femur/tibia 

Forelimb/ 
hind limb 

Dendrolagus lumholtzi 

0.29 

0.45 

0.86 

0.89 

0.70 

Macropus rufus 

0.40 

0.74 

0.72 

0.43 

0.57 


0.31 


0.56 


0.42 

Macropus giganteus 

0.32 

0.64 

0.83 

0.54 

0.57 


0.38 

0.67 

0.72 

0.45 

0.52 

Sthenurus stirlingi 

0.41 

1.18 

0.86 

0.48 

0.38 

Sthenurus tindalei 

0.36 

1.12 

0.76 

0.55 

0.33 









1995 


WELLS AND TEDFORD: AUSTRALIAN PLEISTOCENE STHENURUS 


109 


APPENDIX 


FOSSIL VERTEBRATE LOCALITIES 
AT LAKE CALLABONNA 

The following information on fossil ver¬ 
tebrate localities at Lake Callabonna is 
brought together to aid future investigations 
in that area. Where accurate information is 
available, these sites are plotted on the geo¬ 
logical map (fig. 2); other sites can only be 
approximately located. 

John Ragless, 1885: Mr. John Ragless, les¬ 
see of Callabonna Station, sent “some teeth 
and portions of the lower jaw” of Diprotodon 
to the South Australian Museum 8 years be¬ 
fore the major work on the station by the 
Museum. These remains were found by his 
son, Mr. Frederick B. Ragless, “in a water¬ 
course at a depth of five feet, about two miles 
east of the margin of Lake Callabonna and 
about twelve miles northeast of the place” 
where the 1893 discoveries were made (Stir¬ 
ling, 1894: 186). These directions place the 
site on the lower reaches of Callabonna Creek 
at approximately grid coordinate 312325, 
Callabonna 1:250,000 sheet. 

South Australian Museum, 1893: Two 
principal sites were worked. The first site was 
exploited by Mr. Henry Hurst and his brother 
George and coworkers on behalf of the South 
Australian Museum from February to mid- 
August. Reports and photographs by the col¬ 
lectors are on file in the South Australian 
Museum. The Government Geologist, H. Y. 
L. Brown, described the work at the time of 
his visit (June 1893) and his report and some 
of his photographs were printed in 1894. This 
site is essentially the same as SIAM site 1, as 
established by identification of the 1893 pho¬ 
tographs in the field. In August 1893 A. H. 
C. Zietz took over the work on behalf of the 
South Australian Museum and remained in 
the field until November. He shifted the col¬ 
lecting to near the expedition camp site, which 
has been established by contemporary pho¬ 
tographs and the discovery of camp litter (in 
1953) 0.75 mile farther south as indicated on 
figure 2. The available records do not allow 
allocation of specific remains to each site, but 
together these sites yielded Genyornis new- 
toni (holotype specimen), Diprotodon aus¬ 
tralis, D. cf. minor, Phascolonus gigas, Ma¬ 


cropus cf. titan, Sthenurus andersoni, and S. 
stirlingi. Stirling (1894:209) reported that “at 
least 100 distinct animals” representing Di¬ 
protodon species were obtained. 

Two other sites were discovered in the 
course of the 1893 work, but, as far as is 
known, no material was collected there. One 
of these lies 8 miles northwest of the site 
worked by the Hursts (Brown, 1894) “at the 
springs lying in the lake bed” (Stirling, 1894: 
207); the other lay 3 miles northwest of the 
Hursts’ locality (Brown, 1894). Stirling (1894: 
207) further reported that bones “were ob¬ 
served on the surface in a very weathered 
condition all along the track” connecting these 
outlying sites. The SIAM work corroborates 
these observations. 

Australian Museum, 1946: Mr. Harold O. 
Fletcher, Curator Emeritus of Fossils at the 
Australian Museum, visited Lake Callabon¬ 
na in the company of Mr. Frank Forster, Stock 
Inspector of Tibooburra (New South Wales), 
and Mr. George Alder of Waka Station near 
Broken Hill (New South Wales) who had 
knowledge of the bone occurrence. Mr. Alder 
led the party to the vicinity of the mound 
springs in “the centre of the lake,” 5 miles 
from the shore (Fletcher, 1948). As de¬ 
scribed, this site would correspond to the 
western chain of springs in figure 2 in the 
vicinity of which the 1893 and SIAM expe¬ 
ditions also observed Diprotodon skeletons. 
The Australian Museum party apparently 
only collected a few bones of Diprotodon. 

University of California-South Australian 
Museum, 1953: An effort to relocate the fossil 
sites of the 1893 expedition led to success in 
late May and June 1953 by a party consisting 
of R. A. Stirton, R. H. Tedford (University 
of California), P. Lawson (South Australian 
Museum), and G. D. Woodard (University 
of Adelaide). This group relocated the camp 
site of 1893 and collected Diprotodon re¬ 
mains from near the camp and in the flats 
0.75 mile north of camp (i.e., at the two 1893 
sites). Stirton (1954) wrote a popular account 
of this work. Three partial skeletons of Di¬ 
protodon and remains of eight other individ¬ 
uals were collected. An upper molar of a small 
macropodid and fragments of other, but un¬ 
identifiable, taxa were obtained. Photographs 
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and field notes by R. A. Stirton and R. H. 
Tedford are available at UCMP. 

Smithsonian Institution-American Muse¬ 
um of Natural History-South Australian Mu¬ 
seum, 1970 (acronym: SIAM): The party con¬ 
sisted of C. Ray and F. Pearce (Smithsonian), 
R. Tedford and R. Emry (AMNH), and N. 
Pledge and P. Lawson (South Australian Mu¬ 
seum). A documentary motion picture of part 
of the expedition work was made by the Film 
Unit of the office of the Premier of South 
Australia (copy on file at AMNH). The fol¬ 
lowing sites were worked from 5 July through 
15 September, 1970: 

1) Lake Callabonna, site 1, grid coord. 
3112-3085, lat. 29°50'S, long. 140°10'E. 
Southern portion of lake floor; localities ex¬ 
cavated on low samphire-covered rises in 
middle of central channel carrying water from 
southeast portion of lake northward; active 
springs 100 yd to SE; 6 mi SW of deserted 
Callabonna homestead. This is essentially the 
same site worked by the Hurst party in 1893 
and exactly the same as one worked by the 
University of California-South Australian 
Museum, 1953. 

Geology: Excavations reveal 2 ft of super¬ 
ficial sand (Holocene) disconformably over- 
lying laminated clays 2.5 ft thick (fig. 3) that 
contain fossil vertebrate, plant, and inverte¬ 
brate remains resting on more than 2 ft of 
interbedded sand and clay (Millyera For¬ 
mation, Pleistocene). Measured section: R. 
Tedford, field notes, 20 July 1970. 

Fossils: Three partial skeletons of Dipro- 
todon and isolated bones of a medium-sized 
macropodid were obtained. 

2) Lake Callabonna, site 2, grid coord. 
3115-3090, lat. 29°50'S, long. 140°10'E. 
Southern portion of lake floor; northeast edge 
of central island overlooking channel con¬ 
taining site 1; 6.25 mi SW of deserted Cal¬ 
labonna homestead. 

Geology: Green-gray and brown clayey fine 
sand with gypsum rosettes and thin travertine 
lenses of Holocene deposits overlying Euri- 
nilla Formation (fig. 3). Base 21 ft above floor 
of adjacent present-day channel. White sand 
lenses at base contain bird bones; eggshell in 
situ (Holocene, C-14: 2000-2300 yr BP). 
Measured section: R. Tedford, field notes, 17 
July 1970. 

Fossils: Four cormorant ( Phalacocorax ) 


partial skeletons, various bird bones, partial 
eggs, eggshell fragments, guano, fish spines, 
and otoliths from upper level. 

3) Lake Callabonna, site 3, grid coord. 
3105-3090, lat. 29°50'S, long. 140°10'E. 
Southern portion of lake floor, western tip of 
prominent low bluff overlooking northern end 
of present-day channel containing site 1, 6 
mi SW of deserted Callabonna homestead. 

Geology: Fossil vertebrates from green-gray 
laminated clays above and below layer of large 
selenite crystals, lower 4 ft of bluff (fig. 3). 
Diprotodon skeletal material from various 
levels in this interval (Millyera Formation, 
Pleistocene). Measured section: R. Tedford, 
field notes, 13 July 1970. 

Fossils: Parts of four Diprotodon skeletons, 
one (SIAM 12) from above selenite layer. 

4) Lake Callabonna, site 4, grid coord. 
3090-3155, lat. 29°45'S, long. 140°9'E. 
Southern portion of lake, 4 mi N of sites 1- 
3, on deflated lake floor, 6.5 mi WNW of 
deserted Callabonna homestead. 

Geology: Fossil vertebrates from Millyera 
Formation laminated green-gray, blue, and 
ochrous claystones with fine sand partings, 
up to 4 ft thick overlain by widespread sel¬ 
enite unit and underlain by 3-4 ft laminated 
fine sands that in turn rest on black claystones 
of Namba Formation (Millyera Formation, 
C-14: 39,900 yr BP). 

Fossils: This site produced a diverse fauna, 
including partial skeletons of Diprotodon, re¬ 
mains of six individuals (one of which, SIAM 
63, represents the small morph “D. cf. mi¬ 
nor”)-, Phascolonus, five individuals; Sthen- 
urus tindalei, four individuals; S. stirlingi, six 
individuals; Dromaius, three individuals; 
Geryornis, six individuals, plus charophytes, 
pollen, and macroplant material, beetle wing 
cases, molluscs, and ostracods. 

Five additional sites where vertebrate re¬ 
mains were exposed at the lake surface were 
noticed during reconnaissance in 1970. No 
collections were made at these sites, but they 
are recorded here to stimulate future inves¬ 
tigation (see fig. 2): 

5) Lake Callabonna, site A, grid coord. 
3112-3100, 0.75 mi N of SIAM site 3, Di¬ 
protodon partial skeletons exposed on lake 
floor. R. Tedford, field notes, 27 July 1970. 

6) Lake Callabonna, site B, grid coord. 



1995 


WELLS AND TEDFORD: AUSTRALIAN PLEISTOCENE STHENURUS 


111 


3072-3165, 1.3 mi NW of SIAM site 4, scat¬ 
tered skeletal remains exposed on lake floor, 
including those of Diprotodon, Protemnodon, 
Sthenurus, Genyornis, and a smaller bird. R. 
Tedford, field notes, 7 July 1970. 

7) Lake Callabonna, site C, grid coord. 
3060-3170,2.1 mi NW of SIAM site 4, track¬ 
way site (Tedford, 1973), Diprotodon and 
macropodid(?) trackways in marl below the 
selenite unit, a few scattered skeletons of Di¬ 
protodon. R. Tedford, field notes, 9-10 July 
and 15 September 1970. 

8) Lake Callabonna, site D, grid coord. 
3034-3167, 3.3 mi WNW of SIAM site 4, 
articulated Diprotodon skeletons scattered 
over several acres of lake floor, a few bones 
of large macropodids seen but no skeletons. 
R. Tedford, field notes, 8 July 1970. 

9) Lake Callabonna, site E, grid coord. 
3007-3187, 5.1 mi NW of SIAM site 4, ex¬ 
posures of 21-24 ft of Millyera Formation in 
valley west of southernmost moundspring 
group shown on Callabonna 4-mi sheet. Sec¬ 
tion includes green-gray clays with thin marls 
below selenite bench-forming unit and green- 
gray laminated clays above selenite, all in¬ 


truded by artesian springs including extinct 
and active systems. Diprotodon remains not¬ 
ed below selenite; a more diverse fauna above 
selenite in flats immediately west of mound 
spring including Diprotodon, Phascolonus, 
Macropus, Sthenurus, small macropodid, and 
Genyornis. R. Tedford, field notes, 8 July 
1970. 

Museum of Victoria, 1983: T. Rich and 
party from the Museum of Victoria, Monash 
University, and the Australian Museum 
(Sydney) assisted by a unit of Royal Austra¬ 
lian Electrical and Mechanical Engineers, 
Australian Army, spent 8 days at SIAM site 
4, collecting four partial Diprotodon skele¬ 
tons selected from 30 individuals exposed on 
the lake floor. They failed to find remains of 
the other taxa collected at this site by the 
SIAM party in 1970. Two other sites near 
SIAM site 1 were located and a partial Di¬ 
protodon skeleton was collected from one of 
these (RAEME site 1). A documentary mo¬ 
tion picture of this work was made by Chan¬ 
nel 10 (Melbourne). T. Rich and P. Rich, field 
notes, 12-29 September 1983. 
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